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PREFACE. 


The  remarkable  advance  in  the  Science  of  Mineralogy,  during  the  years 
that  have  elapsed  since  this  Text-Book  was  first  issued  in  1877,  has  made  it 
necessary,  in  the  preparation  of  a  new  edition,  to  rewrite  the  whole  as  well  as 
to  add  much  new  matter  and  many  new  illustrations. 

The  work  being  designed  chiefly  to  meet  the  wants  of  class  or  private 
instruction,  this  object  has  at  once  determined  the  choice  of  topics  discussed, 
the  order  and  fullness  of  treatment  and  the  method  of  presentation.  » 

In  the  chapter  on  Crystallography,  the  different  types  of  crystal  forms  are 
described  under  the  now  accepted  thirty-two  groups  classed  according  to  their 
symmetry.  The  names  given  to  these  groups  are  based,  so  far  as  possible, 
upon  the  characteristic  form  of  each,  and  are  intended  also  to  suggest  the 
terms  formerly  applied  in  accordance  with  the  principles  of  hemihedrism. 
The  order  adopted  is  that  which  alone  seems  suited  to  the  demands  of  the 
elementary  student,  the  special  and  mathematically  simple  groups  of  the 
isometric  system  being  described  first.  Especial  prominence  is  given  to  the 
"  normal  group  "  under  the  successive  systems,  that  is,  to  the  group  which  is 
relatlYely  of  most  common  occurrence  and  which  shows  the  highest  degree  of 
symmetry.  The  methods  of  Miller  are  followed  as  regards  the  indices  of  the 
different  forms  and  the  mathematical  calculations. 

In  the  chapters  on  Physical  and  Chemical  Mineralogy,  the  plan  of  the 
former  edition  is  retained  of  presenting  somewhat  fully  the  elementary  prin- 
ciples of  the  science  upon  which  the  mineral  characters  depend ;  this  is  par- 
ticularly true  in  the  department  of  Optics.  The  effort  has  been  made  to  give 
the  student  the  means  of  becoming  practically  familiar  with  all  the  modern 
methods  of  investigation  now  commonly  applied.  Especial  attention  is, 
therefore,  given  to  the  optical  properties  of  crystals  as  revealed  by  the  micro- 
scope. Further,  frequent  references  are  introduced  to  important  papers  on 
the  different  subjects  discussed,  in  order  to  direct  the  students  attention  to 
the  original  literature. 

The  Descriptive  part  of  the  volume  is  essentially  an  abridgment  of  the 
Sixth  Edition  of  Dana's  System  of  Mineralogy,  prepared  by  the  author  (1892). 
To  this  work  (and  future  Appendices)  the  student  is,  therefore,  referred  for 
fuller  descriptions  of  the  crystallographic  and  optical  properties  of  species,  for 
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acalyBes,  lists  of  localities,  etc. ;  also  for  the  authorities  for  data  here  quoted. 
Id  certain  directions,  however,  the  work  has  been  expanded  when  the  interests 
of  the  student  have  seemed  to  demand  it;  for  example,  in  the  statement  of 
the  characters  of  the  yarious  isomorphous  groups.  Attention  is  also  called  to 
the  paragraph  headed  "  ZMfiL/'  in  the  description  of  each  common  species,  in 
which  are  given  the  distinguishing  characters,  particularly  those  which  serve 
to  separate  it  from  other  species  with  which  it  might  be  easily  confounded. 

The  list  of  American  localities  of  minerals,  which  appeared  as  an  Appen- 
dix in  the  earlier  edition,  has  been  omitted,  since  in  its  present  expanded  form 
it  requires  more  space  than  could  well  be  given  to  it;  further,  its  reproduc- 
tion here  is  unnecessary  since  it  is  accessible  to  all  interested. not  only  in  the 
System  of  Mineralogy  but  also  in  separate  form.  A  full  topical  Index  has 
lieen  added,  besides  the  usual  Index  of  Species. 

The  obligations  of  the  present  volume  to  well-known  works  of  other 
authors — particularly  to  those  of  Groth  and  Rosenbusch — are  too  obvious  tu 
require  special  mention.  The  author  must,  however,  express  his  gratitude 
to  his  colleague.  Prof.  L.  Y.  Pirssou,  who  has  given  him  material  aid  in  the 
part  of  the  work  dealing  with  the  optical  properties  of  minerals  as  examined 
«nder  the  microscope.  He  is  also  indebted  to  Prof.  S.  L.  Penfield  of  Kew 
Haven  and  to  ProL  H.  A*  Miers  of  Oxford^  England^  tor  variooa  valuable 
mggestions. 

Ksw  HaVbn,  Conn.,  Aug.  1, 1898. 
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INTRODUCTION. 


1.  The  science  of  Mikebalogt  treats  of  those  inor^nic  species  called 
minerals,  which  together  in  rock  masses  or  in  isolated  form  make  up  the 
material  of  the  crust  of  the  earth,  and  of  other  bodies  in  the  universe  so  far 
as  it  is  possible  to  study  them  in  the  form  of  meteorites. 

2.  Definition  of  a  HineraL — A  Mineral  is  a  body  produced  by  the  processes 
of  inorganic  nature,  having  a  definite  chemical  composition  and,  if  formsd 
under  favorable  conditions,  a  certain  characteristic  molecular  structure  which 
is  exhibited  in  its  crystalline  form  and  other  physical  properties. 

This  definition  calls  for  some  further  explanation. 

First  of  al],  a  mineral  must  be  a  homogeneous  substance^  even  when 
minutely  examined  by  the  microscope;  further,  it  must  have  a  definite 
chemical  cmnposition,  capable  of  being  expressed  by  a  chemical  formula. 
Tiins^  much  basalt  appears  to  be  homogeneous  to  the  eye,  but  when  examined 
under  the  microscope  in  thin  sections  it  is  seen  to  be  made  up  of  different 
substances^  each  having  characters  of  its  own.  Again,  obsidian,  or  volcanic 
glass,  though  it  may  be  essentiallj^  homogeneous,  has  not  a  definite  composition 
corresponding  to  a  specific  chemical  formula,  and  is  hence  classed  as  a  rock, 
not  as  a  mineral  species.  Further,  several  substances,  as  tachylyte,  hyalome- 
lane,  etc.,  which  at  one  time  passed  as  minerals,  have  been  relegated  to 
petrology^  because  it  has  been  shown  that  they  are  only  local  forms  of  basalt, 
retaining  an  apparently  homogeneous  form  due  to  rapid  cooling. 

Again,  a  mineral  has  in  all  cases  a  definite  molecular  structure,  unless  the 
conditions  of  formation  have  been  such  ais  to  prevent  this,  which  is  rarely  true. 
This  molecular  structure,  as  will  be  shown  later,  manifests  itself  in  the  physical 
characters  and  especially  in  the  external  crystalline  form. 

It  is  customary,  as  a  matter  of  convenience,  to  limit  the  name  mineral  to 
those  compounds  which  have  been  formed  by  the  processes  of  nature  alone, 
while  compounds  made  in  the  laboratory  or  the  smelting-fumace  are  at  most 
called  artificial  minerals.  Further,  mineral  substances  which  have  been 
produced  through  the  agency  of  organic  life  are  not  included  among  minerals, 
as  the  pearl  of  an  oyster,  the  opal-silica  (tabasheer)  secreted  by  the  bamboo, 
etc.  Finally,  mineral  species  are,  as  a  rule,  limited  to  solid  substances;  the 
onlj  liquids  included .  oeing  metallic  mercury  and  water.  Petroleum,  or 
mineral  oil,  is  not  properly  a  homogeneous  substance,  consisting  rather  of 
several  hydrocarbon  compounds;  it  is  hence  not  a  mineral  species. 

It  is  obvious  from  tiie  above  that  minerals,  in  the  somewhat  restricted 
sense  usually  adopted,  constitute  only  a  part  of  what  is  often  called  the 
Mineral  Kingdom. 
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2  INTRODUCTION. 

3.  Scop6  .of  Minejrdlogy.— In  the  following  pages,  the  general  subject  of 
Mineralogy  is  treated  under  the  following  heads: 

(1)  >^ry^io.UograplCy\ — This  comprises  a  discussion  of  crystals  in  general 
and  especially  of  the  crystalrlino  forms  of  mineral  species. 

(2)  Physical  Mineralogy. — This  includes  a  discussion  of  the  physical 
characters  of  minerals,  that  is,  those  depending  upon  cohesion  and  elasticity, 
density,  light,  heat,  electricity,  and  so  on.  ^ 

(3)  Chemical  Mitieralogy. — Under  this  head  are  presented  briefly  the  gen- 
eral  principles  of  chemistry  as  applied  to  mineral  species;  their  characters  <is 
chemical  compounds  are  described,  also  the  methods  of  investigating  them 
from  the  chemical  side  by  the  blowpipe  and  other  means. 

(4^  Descripiive  Miiieralogy, — This  includes  the  classification  of  minerals 
and  tne  description  of  each  species  with  its  varieties,  especially  in  its  relations 
to  closely  allied  species,  as  regards  crystalline  form,  physical  and  chemical 
characters,  occurrence  in  nature,  and  other  points. 

4.  Literature. — Reference  is  made  to  the  Introduction  to  the  Sixth  Edition 
of  Dana's  System  of  Mineralogy,  pp.  xlv-lxi,  for  an  extended  list  of  inde- 
pendent works  on  Mineralogy  up  to  1892;  the  names  are  also  given  of  the 
many  scientific  periodicals  which  contain  original  memoirs  on  mineralogical 
subjects.  For  the  convenience  of  the  student  the  titles  of  a  few  works,  mostly 
of  a  general  character,  are  given  here.  Further  references  to  the  literature 
of  Mineralogy  are  introduced  through  the  first  half  of  this  work,  particularly 
at  the  end  of  the  sections  dealing  with  special  subjects. 

Crystttllof/raphi/  and  Physical  Mineralogy. 

Early  works*  include  those  of  Rome  de  lisle,  1772;  Hatty,  1822;  Neumann,  Kry- 
Btallonomie,  1823.  iiud  Krystallographie.  1826.  Kupller,  1825;  Grassmaun,  KrysUillonomfe. 
1829;  Naiimann.  1829  and  later;  Qiienstedt,  1846  (also  1873);  Miller,  1839  and  1863; 
Gruilich,  1806;  Kopp,  1862;  von  Lang.  1866;  Bravais,  filudes  Crist.,  Paris.  1866  (1849); 
Schniuf,  1866-68;  Rose-Sadebeck.  1873. 

Recent  works  include  the  following: 

Bauerman.     Text  Book  of  Systematic  Mineralogy,  1881. 

Ooldschmidt.  Index  der  Kryslallformeii  der  Minemlien;  8  vols.,  1886-91.  j^lso 
Anwendung  der  Linearprojection  zum  Berechnen  der  Krystalle.  1887. 

Qroth.  Physikaliscbe  Krystallographie  und  Einleituug  in  die  kryst allograph ische 
Kenntuiss  der  wichligeren  Substanzen,  1876.     8d  ed..  1894-95. 

Klein.     Einleitung  in  die  Kryst allberechnung.  1876. 

Liebiach.     Geometrische  Krystallographie,  1881.   Physikaliscbe  Kryst allograpTiie,  1891. 

Mallard.     Traite  de  Cristallogmphie  geometriqiie  et  physique;  vol.  1,  1879;  vol.  2,  188  I. 

Sadebeck.     Angewandte  Krystallographie  (Hose's  Krystallographie,  II.  Band),  1876 

Sohncke.     Entwickebing  einer  Theorie  der  Krystallstruktur,  1879. 

Story-Maakelyne.     Crystallography:  the  Morphology  of  Crystals,  1895. 

Websky.  Anwendung  der  Linearprojection  zum  Berechnen  der  Krystalle  (Rose's 
Krystallographie  III.  Band).  1887. 

WiliUma.     Elements  of  Crystallography,  1890. 

Wiilfingr.  Tabellarische  Uebersicht  der  einfachen  Formen  der  82  krystallographischfjn 
Symnietriegruppeu,  etc.,  1895. 

In  Physical  Mineralogy  the  most  important  general  works  are  those  of  Schranf 
(1868).  Groth  (1876-1895),  Mallard  (1884),  Liebisch  (1891).  mentioned  in  the  above  list;  also 
Rosenbusch,  Mikr.  Physiographic,  etc.  (1892).  In  addition  to  these  (to  which  might  l)e 
added  the  names  of  some  general  works  on  Piiysic8>  memoirs  of  especial  importance  on  the 
diflFerent  subjects  are  enumerated  in  many  cases  at  the  end  of  the  respective  sections  of 
this  work. 

•  Tlif  full  titles  of  many  of  these  are  given  in  pp.  li-lxi  of  Dana^s  System  of  MiDe^ 
alogy,  1892. 


INTBODUCTIOK.  3 

Qeneral  Mineralogy. 

Of  the  many  works,  a  knowledge  of  which  is  needed  by  one  who  wishes  a  full  acquaint- 
nice  with  the  historical  development  of  Mineralogy,  the  following  are  particularly 
JFiiportant.  Very  early  works  include  those  of  Theophrastus,  Pliny,  Liunieus,  Wallerius, 
Cioristedt,  Werner,  Bergmanu,  Klaproth. 

Wiibin  the  nioeteenth  century:  HaQy's  Treatise,  1801,  1822;  Jameson,  1816,  1820; 
Werner's  Letztes  Mineral- System.  1817:  Cleaveland's  Mineralogy,  1816.  1822;  Leonhard's 
HaiMibuch.  1821.  1826;  Mohs's  Min.,  1822;  Haidinger's  translation  of  Mohs,  1824;  Bieit- 
iauiu  8  Charakteristik.  1820,  1823,  1832;  Beudant's  Treatise,  1824.  1832;  Phillips's  Min., 
'^j:{.  1837;  Shepard's  Min..  1832-35,  and  later  editions;  von  Kobell's  GrundzQge,  1838; 
M'h^sMin.,  18;i9;  Breithaupt's  Min..  1836-1847;  Haidinger's  Handbuch,  1845;  Naumann's 
Mil..  1846  and  later;  Hausmann's  Haudbuch,  1847;  Dufrenoy's  Min.,  1844-1847  (also 
1NI6-1S59);  Brooke  &  Miller.  1852;  J.  D.  Dana's  System  of  1837,  1844.  1850, 1854,  1868. 

More  Recent  Works  are  the  following: 
Bauer.     Lehrbuch  der  Mineralogic,  1886. 
Banerman.     Text- Book  of  Descnptlve  Mineralogy,  1884. 
Baomhauer.     Das  Rtich  der  Krystalle,  1889. 
Blnm.     Lehrbuch  der  Mineralogie.  4th  ed.,  1873-1874. 

Dana.  B.  8.  Dana's  System  or  Mineralogy,  6tli  ed..  New  York,  1892.  Also  (elemen- 
tar}  Minemls  and  How  to  study  them.  New  York,  1895. 

Dana.  J.  1>.     Manual  of  Mineralogy  and  Petrography,  4th  ed.,  New  York,  1887. 

Des  Cloizeaux.    Manuel    de    Mineralogie;    vol.    1.'   1862;    vol.   2,   ler  Fasc.,   1874; 

Oroth.  Tal)ellarische  Uebcrsicht  der  Mineralien.  1874;  3d  ed.,  1889:  4ih  ed.,  1898. 
Die  Miueralien-Sammlung  der  Uuiversitftt  Sti-assburg.  1878. 

Hintxe.  Handbuch  der  Mineralogie,  vol.  2  (SiRcates  and  Titanates),  Leipzig,  1889- 
1K97. 

Lacroiz.     Mineralogie  de  la  France  et  de  ses  Colonies.  2  vols.,  1893-96. 

Laedecke.     Die  Minerale  dcs  Haraes,  1896. 

Eoksharov.  Malerialen  zur  Mineralogie  liusslands,  St.  Petersburg;  vol.  1.  1868-54: 
▼<»1.  10. 18.S8-91. 

KuM.    Gems  and  Precious  Stones  of  North  America,  1890. 

Schranf.     Athis  der  Kryst  all-Form  en  des  Minernlre'ches,  4to,  vol.  1,  A-C,  1865-1877. 

Tichennak.     Lehrbuch  der  Mineralogie,  1884;  6th  ed.,  1897. 

Weiibach.     Synopsis  Minemlogica,  systematische  Uebcrsicht  des  Mineral leiches,  1875. 

ZirkeL     18th  edition  of  Naumann's  Mineralo.e:y,  Leipzig.  1897. 

Wnlfing.  Die  Meteoriten  in  Sammlungen,  etc.,  1897  (earlier  works  on  related  subjects, 
se<:  D&iia's  System,  p.  32). 

For  a  catalogue  of  localities  of  minerals  in  the  United  States  and  Canada  see  the  volume 
('51  pp.)  reprinted  from  Dana's  System,  6th  ed.  See  also  the  volumes  on  the  Mineral  Re- 
^jurr^of  the  United  States  published  (since  1882)  under  the  auspices  of  the  U.  S.  Geo- 
logical Survey. 

Cfiemieal  and  Determinative  Mineralogy, 

Bischoff.  Lehrbuch  der  chemischen  und  physikalischen  Geologie,  1847-54;  2ded.. 
18^^-66.    (Also  an  English  edition.) 

Blum.    Die  Pseudomorphosen  des  Mineralreichs,  1848.     W'th  4  Nachtrftge,  1847-1879. 

Brush.  Manual  of  Determinative  Mineralogy,  with  an  Introduction  on  Blowpipe 
Analysis;  New  York,  1875;  3d  ed.,  1878.     Also  new  edition  by  Penfield,  1896. 

Doelter.    Allgemeine  chemische  Mineralogie.  Leipzig.  1890. 

EndUch.     Manual  of  Qualitative  Blowpipe  Analysis,  New  York,  1892. 

Eobell,  P.  von.  Tafeln  zur  Bestimmung  der  Mineralien  mittelst  einfacher  chemischer 
Vereuche  auf  trockenem  und  nassem  Wege,  lite  Auflage.  1878. 

Rammelaberg.  Handbuch  der  krystallographisch-physiknHFchen  Chemie,  Leipzig, 
1881-^2     Handbuch  der  Mineralchemie,  2d  ed.,  1875.     Ergflnzungsheft,  1,  1886;  2,  1895. 

Roth.  Allgemeine  und  chemische  Geologic;  vol.  1,  Bllciungu.  Umbildung  der  Minera- 
lien, etc.,  1879:  2.  Petrographie,  1887-1890. 

Volgar.    Studien  zur  Entwicklungsgeschichte  der  Mineralien.  1854. 

Webaky.  Die  Mineral  Species  nach  den  f  llr  das  specifische  Gewicht  dsrselbec  angtj- 
nommenen  und  gefundenen  Werthen,  Breslau,  1868. 

Weiabach.    Tabellen  zur  Bestimmung  der   Mineralien  nach  Ausseren  Kennzeichen, 
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8te  Aufla^,  1886.    Also  founded  on  Weisbach's  work,  Frazer's  Tables  for  the  determiDa. 
tion  of  minerals,  4th  ed..  1897. 

MtcTMCopie  Examination  of  MineraU,^ 

Oohen,  B.  Sammlun^  von  Mikrophotographieen  zur  Yeranschaalichung  der  roikro- 
skopischen  Structur  von  Mineralien  und  Gesteinen,  1881--82. 

Doelter.  Die  Bestimmuug  der  petrographisch  wichtlgeren  Mineralien  durch  das 
Mikroskop.  1876. 

Fiacher.     Kritiscbe  mikroskopisch-mineralogische  Studien,  Freiburg,  1869-1878. 

Fouqu^-Ii^vy.    Miueralogie  micrographique,  roches  ^ruptlyea  Fran^aises,  1879. 

Levy-Ijacroiz.    Les  mineraux  des  roches,  1888. 

Rosenbtuich.  Mikroskopische  Physiomphie  der  petrographisch- wichtigen  Mine- 
ralicn.  1873;  3d  ed.,  1893.  Accompanied  by  HQlfstabellen  zur  mikroskopischen  Miuerul- 
bestimmuug.  1888.  Also  English  translation  and  abridgment  of  the  above  work  by 
Iddings,  18i88.    Mikroskopische  Physiographie  der  masslgen  Gesteine,  1877;  8d  ed.,  1896. 

Thoulet.  Contributions  H  T^tude  des  propri6tes  physiques  et  chimiques  des  mineraux 
microscopiques. 

Tschermak.    Die  mikroskopische  Beschaffenheit  der  Meteoriten,  1888. 

Zirkel.  Die  mikroskopische  Beschaffenheit  der  Minetilien  und  Gesteine,  1878.  Alb<.i 
Petrographie,  3  vols.,  1893-94. 

Artificial  Formation  of  Minerals, 

Qurlt.  Uebersicht  der  pyrogeneten  kUnstlichen  Mineralien,  namentlich  der  krystal* 
lisirten  HQtteherzeugnisse,  1857. 

Fuchs.     Die  kUnstlich  dargestellten  Mineralien,  1873. 
Daubr^«.     Etudes  synthetique  de  G^ologie  exp^rimentale,  Paris,  1879. 
Foaqu6  and  M.  Levy.     Synthase  des  Mineraux  et  des  Roches,  1882. 
Bourgeois.    Reproduction  artiflcielle  des  Min6niux,  1884. 
Mennier.    Les  methodes  de  synthase  en  Miueralogie. 

Mineralogieal  Journals. 

The  following  Journals  are  largely  devoted  to  original  papers  on  Mineralogy: 
BuU.  Soc.  Min.    Bulletin  de  la  Societe  Frau^aise  de  Minlralogie,  vol.  1, 1878:  20. 1897. 
Jb.  Min.   Neues  Jahrbuch  ftir  Mineralogie,  Cfeologie  und  Palseontologie,  etc.,  from  1833 
Min.  Mag.    The  Mineralogieal  Magazine  and  Journal  of  the  Mineralogieal  Society  of 

Gt.  Britain,  vol.  1,  1876;  11.  1896-97. 

Min.  petr.  Mitth.     Mineralogi«<che  und  petrographische  Mittheilungen,  vol.  1,  1878. 

17,  1897.  Earlier,  from  1871,  Mineralogische  Mittheilungen  gesammelt  vonG.  Tschermak. 
Zs.  Kryst.     Zeitschrift  fUr  Krystallographie  und  Miueralogie.    Edited  by  P.  Grolh. 

vol.  1,  1877;  28.  1897. 


A^  pi.     Plane  of  the  optic  axes.  H.  Hardness. 

Bx.  Bz«.  Acute  bisectrix  (p.  208).  Obs.  Observations  on  occurrence,  etc. 

Bxo.          Obtuse  bisectrix  (p.  208).  O.F.  Oxidizing  Flame  (p.  257). 

B.B.          Before  the  Blowpipe  (p.  256);  Pyr.  Pyrognostics   or    blowpipe  and 

Oomp.       Composition.  allied  characters. 

Diff.  Differences,   or  distinctive  char-      O.  Ratio.  Oxygen  Ratio  (p.  249). 

acters.  R.F.  '   Reducing  Flame  (p.  257). 

O.              SpeciOc  Gravity.  Var.  Varieties. 

The    sign  a  is    used    to   indicate    the    angle    between    two    faces    of  a  crystal,    as 
aw  (100  A  110)  =  44"  30'. 

*  See  the  bibliography  given  by  Rosenbusch. 
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GENERAL  MORPHOLOGICAL  RELATIONS  OF 

CRYSTALS. 

5.  Cryfttallography.— The  subject  of  Crystallography  includes  the  descrip- 
tion  of  the  characters  of  crystals  in  general ;  of  the  yarions  forms  of  crystals 
and  their  division  into  groups  and  systems;  of  the  methods  of  studying  crystals, 
including  the  determination  of  the  mathematical  relations  of  their  faces,  and 
the  measurement  of  the  angles  between  them;  finally,  a  description  of  com- 
pound or  twin  crystals,  of  irregularities  in  crystals,  of  crystalline  aggregates, 
and  of  pseudomorphous  crystals. 

Allied  to  Crystallography  is  the  subject  of  Crystalloaenv,  which  describes 

the  methods  of  making  crystals  which  may  be  an^lied  m  the  laboratory,  and 

discusses  the  theories  of  their  oririn  in  nature.   This  department  is  only  briefly 

touched  upon  in  the  present  work. 

,      6.  peflnition  of  a  Crystal.—^  crystal*  is  the  regular  polyhedral  form, 

i hounded  hy  smooth  surfaces,  which  is  assumed  by  a  chemical  compound,  under 
the  action  of  its  intermolecular  forces,  when  passing,  under  suitable  conditions, 
from  the  state  of  a  liquid  or  gas  to  that  of  a  solid. 
\  As  expressed  in  the  foregoing  definition,  a  crystal  is  characterized,  first,  by 
its  definite  internal  molecular  structure,  and,  second,  by  its  external  form.  A 
crystal  is  the  normal  form  of  a  mineral  species,  as  of  all  solid  chemical  com- 
pounds ;  but  the  conditions  suitable  for  the  formation  of  a  crystal  of  ideal 
perfection  in  symmetry  of  form  and  smoothness  of  surface  are  never  realized. 
Further,  many  species  usually  occur  not  in  distinct  crystals,  but  in  massive  form, 
and  in  some  exceptional  cases  the  definite  molecular  structure  is  absent. 

7.  Molecular  Structure  in  OeneraL^By  definite  molecular  structure  is  meant 
the  special  arrangement  which  the  physical  units,  called  molecules,^  assume 
under  the  action  of  the  forces  exerted  between  them  during  the  formation  of 
the  solid.     Some  remarks  are  given  in  a  later  article  (p.  18  et  seq.)  in  regard  to 

*  Id  its  orif^nal  sigDificatioD  the  term  crystal  was  applied  only  to  crystals  of  quartz, 
wbich  the  ancient  pbilosophers  believed  to  be  toater  congealed  by  intense  cold.  Hence  the 
term,  from  KpvaTaWo^,  iee. 

f  The  relation  between  atoms,  ehemicaX  molecules,  and  physical  molecules  is  explained 
under  the  chapter  on  Chemical  Mineralogy.  The  molecules  here  spoken  of  are  the  physical 
molecule. 
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the  kinds  of  molecular  arrangement  theoretically  possible,  and  their  relation  to 
the  symmetry  of  the  different  groups  and  systems  of  crystals. 

The  definite  molecular  structure  is  the  essential  character  of  a  crystal,  and 
the  external  form  is  only  one  of  the  ways,  although  the  most  important,  in 
■which  this  structure  is  manifested.  Thus  it  is  found  that  all  similar  directions 
in  a  crystal,  or  a  fragment  of  a  crystal,  have  like  physical  characters,*  as  of 
elasticity,  cohesion,  action  on  light,  etc.  This  is  clearly  shown  by  the  cleavage, 
or  natural  tendency  to  fracture  in  certain  directions,  yielding  more  or  less 
smooth  surfaces;  as  the  cubic  cleavage  of  galena,  or  the  rhombohedral  cleavage 
of  calcite.  It  is  evident,  therefore,  that  a  small  crystal  differs  from  a  large  one 
only  in  size,  and  that  a  fragment  of  a  crystal  is  itself  essentially  a  crystal  in  all 
its  physical  relations,  though  showing  no  crystalline  faces. 

Further,  the  external  form  without  the  corresponding  molecular  structure 
does  not  make  a  solid  a  crystal.  A  model  of  glass  or  wood,  on  the  one  hand, 
is  not  a  crystal,  though  having  its  external  form,  liecause  there  is  no  relation 
between  form  and  structure.  Also,  an  octahedron  of  malachite,  having  the 
form  of  the  crystal  of  cuprite  from  which  it  has  been  derived  by  chemical 
alteration,  is  not  a  crystal  of  malachite. 

On  the  other  hand,  if  the  natural  external  faces  are  wanting,  the  solid  is 
not  called  a  crystal.  A  cleavage  octahedron  of  fluorite  and  a  cleavage  rhom- 
bohedron  of  calcite  are  not  properly  crystals,  because  the  surfaces  have  been 
yielded  by  fracture  and  not  by  the  natural  molecular  growth  of  the  crystal. 
N^  8.  Crystalline  and  Amorphoufl. — When  a  mineral  shows  no  external  crystal- 
line form,  it  is  said  to  be  massive.  It  may,  however,  have  a  definite  molecular 
.structure,  and  then  it  is  said  to  be  crystalline.  If  this  structure,  as  shown  by 
the  cleavage,  or  by  optical  means,  is  the  same  in  all  parallel  directions  through 
tiie  mass,  it  is  described  as  a  single  individual.  If  it  varies  from  grain  to  grain, 
or  fiber  to  fiber,  it  is  said  to  be  a  crystalliiie  aggregate,]  since  it  is  in  fact  made 
up  of  a  multitude  of  individuals. 

Thus  in  a  granular  mass  of  galena  or  calcite,  it  may  be  possible  to  separate 
the  fragments  from  one  another,  each  with  its  characteristic  cubic,  or  rhom- 
bohedral, cleavage.  Even  if  the  individuals  are  so  small  that  they  cannot  be 
separated,  yet  the  cleavage,  and  hence  the  crystalline  structure,  may  be  evident 
from  the  spangling  of  a  freshly  broken  surface,  as  with  fine-grained  statuary 
marble.  Or,  again,  this  aggregate  structure  may  be  so  fine  that  the  crystalline 
structure  can  only  be  resolved  by  optical  methods  with  the  aid  of  the  microscope. 
In  all  these  cases,  the  structure  is  said  to  be  crystalline. 

If  optical  means  show  a  more  or  less  distinct  crystalline  structure,  which, 
h  wever,  cannot  be  resolved  into  individuals,  the  mass  is  said  to  be  crypto- 
€  ystalline  ;  this  is  true  of  some  massive  varieties  of  qusLvtz, 

If  the  definite  molecular  structure  is  entirely  wanting,  and  all  directions  in 
the  mass  are  sensibly  the  same,  the  substance  is  said  to  be  amorphous.  This  is 
true  of  a  piece  of  glass,  and  nearly  so  of  opal.  The  amorphous  state  is  rare 
among  minerals. 

A  piece  of  feldspar  which  has  been  fused  and  cooled  suddenly  may  be  in  the  glass-like 
amorphous  condition  as  regards  absence  of  definite  molecular  structure.     But  even  in  such 


*  This  subject  is  further  elucidated  in  the  chapter  devoted  to  Physical  Mineralogy,  where 
it  is  also  shown  that,  with  respect  to  many,  but  not  all,  of  the  physical  characters,  the 
converse  of  this  proposition  is  true,  viz.,  that  unlike  directions  in  a  crystal  have  in  gen- 
eral unlike  properties. 

f  The  consideration  of  the  various  forms  of  crystalline  aggregates  is  postponed  to  i)^ 
•end  of  the  present  chapter. 
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rti^  there  is  a  tendcDcy  to  go  over  into  the  crystalline  condition  by  molecular  rearrange- 
nent  A  transparent  amorphous  mixas  of  arsenic  trioxlde  (As.O.).  formed  by  fusion. 
I.  .  nes  op-^ue  and  crystalline  after  a  time.  Similarly  the  >teei  beanis  of  a  ra  Iroad  bridge 
,m  V  "mdually  become  crystalline  and  thus  lose  some  of  iheir  original  streD|ih  becau«j  of 
ilu'molecular  rearrangement  made  possible  by  the  vibratious  caused  by  the  frequent  jar  of 
pn.Mn/trains.  The  microscopic  study  of  rocks  reveals  mauy  cases  in  which  au  analogous 
;i..i,i:e  in  molecular  structure  has  lakeu  place  in  a  solid  mass,  as  caused,  for  example,  by 
grtni  pressure. 

9  External  Porm.— A  crystal  is  bounded  by  smooth  plane  surfaces,  called 
f:i( vs  or  planes,*  showing  in  their  arrangement  a  certain  characteristic  sym- 
metry, and  related  to  each  other  by  definite  mathematical  laws. 

Thus,  without  inquiring,  at  the  moment,  into  the  exact  meaning  of  the 
terra  symmetry  as  applied  to  crystals,  and  the  kinds  of  symmetry  possible, 
which  will  be  explained  in  detail  later,  it  is  apparent  that  the  accompanying 
lisrnres,  1-3,  show  the  external  form  spoken  of.  They  represent,  therefore, 
certain  definite  types. 


1. 


y/P 


Galena. 


Zircon. 


ChrysoHte. 


4. 


f^. 


10.  Variation  of  Perm  and  Surface. —Actual  crystals  deyiate,  within  certain 
limits,  from  the  ideal  forms. 

First,  there  may  bo  variation  in  the  size  of  like  faces,  thus  producing  what 
are  defined  later  as  distorted  forms.  In  the  second  place,  the  faces  are  rarely 
abgoliitely  smooth  and  brilliant;  commonly  they  lack  perfect  polish,  and  they 
ma?  even  be  rough  or  more  or  less  covered  with  fine  parallel  lines  (called 
atriations),  or  show  minute  elevations,  depressions  or  other 
peculiarities.  Both  the  above  subjects  are  discussed  in  detail  in 
another  place. 

It  may  be  noted  in  passing  that  the  characters  of  natural 
fares,  just  alluded  to,  in  general  make  it  easy  to  distinguish 
'jetween  them  and  a  face  artificially  ground,  on  the  one  hand, 
like  the  facet  of  a  cut  gem ;  or,  on  the  other  hand,  the  splintery 
u!:even  surface  yielded  by  cleavage. 

11.  Constancy  of  Angle  in  the  Same  Species. — The  crystals 
'•f  any  species  are  essentially  constant  in  the  angle  of  inclination 
tetween  like  faces,  wherever  they  are  found,  and  whether  prod- 
"cts  of  nature  or  of  the  laboratory.  These  angles,  therefore, 
form  one  of  the  distinguishing  characters  of  a  species.  Apaiite. 

Thus,  in  Fig.  4,  of  apatite,  the  angle  between  the  adjacent  faces  x  and 


\p^ 


*  This  latter  word  is  usually  limited  to  cases  wliere  the  direction,  rather  ihan  the  deflDite 
surface  itself,  is  designated. 
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m  (130°  18')  is  the  same  for  any  two  like  faces,  similarly  situated  with  refer, 
ence  to  each  other.  Further,  this  angle  is  constant  for  the  species,  differing 
but  little  on  crystals  from  different  localities.  Moreover,  the  angles  between 
all  the  faces  on  crystals  of  the  same  species  (cf.  Figs.  6-9  of  zircon  below) 
are  more  or  less  closely  connected  together  by  certain  definite  mathematical 
laws. 

12.  Diversity  of  Form,  or  Habit. — While  in  the  crystals  of  a  given  species 
there  is  constancy  of  angle  between  like  faces,  the  forms  of  the  crystals  may 
be  exceedingly  diverse.  The  accompanying  figures  (5-9)  are  examples  of  a 
few  of  the  forms  of  the  species  zircon.  There  is  Hardly  any  limit  to  the  number 
of  faces  which  may  occur,  and  as  their  relative  size  changes,  the  habit,  as  it 
is  called,  may  vary  indefinitely.  Yet  for  the  crystals  of  each  species,  the 
angles  between  like  faces  are  essentially  constant. 

8.  9. 


m 


A 


a  m 


^ 


Crystals  of  Kircon. 

13.  Diversity  of  Size. — Crystals  occur  of  all  sizes,  from  the  merest  micro- 
scopic point  to  a  yard  or  more  in  diameter.  It  is  important  to  understand, 
however,  that  in  a  minute  crystal  the  development  is  as  complete  as  with  a 
large  one.  Indeed  the  highest  perfection  of  form  and  transparency  is  found 
only  in  crystals  of  small  size. 

A  siu^le  crystal  of  quartz,  now  at  Milan,  is  three  and  a  quarter  feet  long  and  five  and  a 
half  Id  circunifereoce,  and  its  weight  is  estimated  at  ei^ht  hundred  and  seventy  pounds. 
A  single  cavity  in  a  vein  of  quartz  near  the  Tiefen  Glacier,  in  Switzerland,  discovered  in 
1867,  .afforded  smoky  quaitz  crystals  weighing  in  the  aggregate  about  20,000  pounds ;  a 
considerable  number  of  the  single  crys'als  having  a  weight  of  200  to  250  pounds,  or  even 
more.  A  gigantic  beryl  from  Acworth,  New  Hampshire,  measured  four  feet  in  length 
and  two  and  a  half  in  circumference  ;  another,  from  Grafton,  was  over  four  feet  long,  and 
thirty-two  inches  in  one  of  \\s  diameters,  and  weighed  about  tw^o  and  a  half  tons. 

14.  Sjrmmetry  in  General — The  faces  of  a  crystal  are  at-ranged  according 
to  certain  laws  of  symmetry,  and  this  symmetry  is  the  natural  basis  of  the 
division  of  crystals  into  groups  and  systems.  The  symmetry  may  be  defined 
relatively  to  (1)  a  plane  ^  symmetry ,  (2)  an  axis  of  symmetry y  and  (3)  a  center 
of  symmetry. 

These  different  kinds  of  symmetry  may,  or  may  not,  be  combined  in  the 
same  crystal.  It  will  be  shown  later  that  there  is  one  group  the  crystals  of 
which  have  neither  center,  axis,  nor  plane  of  symmetry;  another  where  there 
is  only  z  center  of  symmetry.  On  the  other  hand,  some  groups  have  all  these 
elements  of  symmetry  represented. 
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15.  Planes  of  Symmetry. — A  solid  is  said  to  be  geometrically  *  symmetrical 
with  reference  to  a  plane  of  symmetry  when  for  each  face, 
tihe,  or  solid  angle  there  is  another  similar  face,  edge,  or 
angle  which  has  a  like  position  with  reference  to  this 
}>lane.  Thus  it  is  obvious  that  the  crystal  of  amphibole, 
sfnown  in  Fig.  10,  is  symmetrical  with  reference  to  a  centnil 
plaue  of  symmetry,  parallel  to  the  face  b,  passing  vertically 
tiirougb  the  edge  formed  by  the  faces  r,  r  and  through 
the  middle  of  the  face  a. 

In  the  ideal  crystal  this  symmetry  is  right  symmetry  in 
the  geometrical  sense,  where  every  point  on  the  one  side  of 
the  plane  of  symmetry  has  a  corresponding  point  at  equal 
distances  on  the  other  side,  measurea  on  a  line  normal  to  it.       Ampuibole. 
In  other  words,  in  the  ideal  geometrical  symmetry,  one  half  of  the  crystal  is 
the  exact  mirror-image  of  the  other  half. 

A  crystal  may  have  as  many  as  nine  planes  of  symmetry,  three  of  one  set 
and  six  of  another,  as  is  illustrated  by  the  cube  \  (Fig.  11).  Here  the  planes 
of  the  first  set  pass  through  the  crystal  parallel  to  the  cubic  faces;  they  are 
shown  in  Fig.  12.  The  planes  of  the  second  set  join  the  opposite  cubic  edges. 
On  the  other  hand,  some  crystals  have  no  plane  of  symmetry. 


11. 


12. 
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16.  Axes  of  Symmetry. — If  a  solid  can  he  revolved  through  a  certain  num- 
ber of  degrees  about  some  line  as  an  axis,  with  the  result  that  it  again  occupies 
precisely  the  same  position  in  space  as  at  first,  it  is  said  to  have  an  axis  of 
symmetry.  There  are  four  different  kinds  of  axes  of  symmetry  among  crystals; 
ihey  are  defined  according  to  the  angular  revolution  needed  in  each  case,  that 
is,  by  the  number  of  times  which  the  crystal  repeats  itself  in  a  complete 
revelation  of  360°. 

(a)  A  crystal  is  said  to  have  an  axis  of  binary ,  or  twofold,  symmetry  when 
a  revolution  of  180°  produces  the  result  named  above;  in  other  words,  when  it 
repeats  itself  twice  in  a  complete  revolution.  This  is  true  of  the  crystal  shown 
in  Fig.  13  with  respect  to  the  vertical  axis  (and  indeed  each  of  the  horizontal 
axes  also). 

(h)  A  ciTstal  has  an  axis  of  trigonal,  or  threefold,  symmetry  when  a 
revolution  oi  120°  is  needed  ;  that  is,  when  it  repeats  itself  three  times  in  a 
complete  revolution.  The  vertical  axis  of  the  crystal  shown  in  Fig.  14  is  an 
axis  of  trigonal  symmetry. 

*  The  relation  between  the  ideal  geometrical  symmetry  and  the  actual  crystal lographio 
gymmetry  is  discussed  in  Art.  18. 

t  This  is  the  cube  of  the  nonnal  group  of  the  isomelric  system. 
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(c)  A  crystal  has  an  axis  of  tetragonal,  or  fourfold,  symmetry  when  a 
revolution  of  90''  is  called  for;  in  other  words,  when  it  repeats  itself  four  times 

16. 


16. 


Polycrase. 


Telluritim. 


Rutile. 


MimeUte. 


in  a  complete  reyolution.    The  vertical  axis  in  the  crystal  shown  in  Fig.  15  is 
Buch  an  axis. 

(d)  Finally,  a  crystal  has  an  axis  of  hexagonal,  or  sixfold,  symmetry  when 
H  revolution  of  60°  is  called  for;  in  other  words,  when  it  repeats  itself  six  times 
ill  a  complete  revolution.    This  is  illustrated  by  Fig.  16. 

The  cube*  illnstrales  three  of  the  four  possible  kinds  of  symmetry  with  respect  to  axes 
of  -ymmetiy.  It  has  six  axes  of  binary  symmetry  joiuing  the  middle  points  of  opposite 
edjres  (Fig.  17).  It  has  four  axes  of  trigonal  symmetry,  Joining  the  opposite  solid  angles 
(Fig.  18).  It  has,  finally*  three  axes  of  tetragonal  symmetry  joining  the  middle  points  of 
opposite  faces  (Fig.  19). 

19. 


17.  Center  of  Symmetry. — Most  crystals,  besides  planes  and  axes  of  sym- 
metry, have  also  a  center  of  symmetry.  On  the  other  hand,  a  crystal,  though 
possessing  neither  plane  nor  axis  of  symmetry,  may  yet  be 
symmetrical  with  reference  to  a  point,  its  center.  This  l^t 
is  true  of  the  triclinic  crjjrstal  shown  in  Fig.  20,  in  which  it 
follows  that  every  face,  edge,  and  solid  angle  has  a  face,  edge, 
and  angle  similar  to  it  in  the  opposite  half  of  the  crystal. 

There  is  another  metbo.i  of  viewing  the  symmetry  in  this  last  case, 
which  is  adopted  by  some  authors.  If  the  crystal  be  thought  of  as 
divided  into  two  similar  halves  by  a  plane  parallel  to  any  one  of  its 
faces,  and  one  half  be  revolved  180*'  about  an  axis  normal  to  this  face, 
this  half  would  be  brought  into  a  position  in  which  it  would  be  the 
mirror-image  of  the  remaining  half.  This  symmetry  is  hence  described 
Hs  compound  symmetry  with  reference  to  an  axis  of  binary  symmetry 
and  a  plane  normal  to  it,  both  taken  together.  This  method  is  not 
followed  here  since,  though  having  certam  theoretical  advantages,  it  is  likely  to  confuse 
the  student  meeting  the  problems  of  crystallography  for  the  first  time. 


Amblygouite 


■  This  is  aij;ftin  the  cube  of  the  normal  group  of  the  isouietric  system. 
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18.  Relation  of  Oeometrical  to  Grystallographic  Symmetry. —Since  the 
symmetry  in  the  arrangement  of  the  faces  of  a  crystal  is  an  expression  of  the 
internal  molecular  structure,  which  in 
general  is  alike  in  all  parallel  directions, 
the  relative  size  of  the  faces  and  their 
distance  from  the  plane  or  axis  of  sym- 
metry are  of  no  moment,  their  angular 
position  alone  is  essential.  Hence  Fig.  21 
has  as  truly  a  vertical  plane  of  symmetry 
(parallel  to  *)  as  Fig.  5J2  if  the  faces  have 
exactly  the  same  angular  position  as  in 
that,  although  the  strict  geometrical  defi* 
nition  ♦  could  not  be  applied  to  it. 

Also  in  a  normal  cube  (Fig.  23)  the 
three  central  planes  parallel  to  each  pair  of  cubic  faces  are  like  planes  of  sym- 
metry, as  stated  in  Art.  16.  But  a  crystal  is  still  crystallographically  a  cube, 
thoagh  deviating  widely  from  the  requirements  of  the  strict  geometrical  defi- 
nition, as  shown  in  Figs.  24,  25,  if  only  it  can  be  proved,  e.g.  by  cleavage,  the 


HeiilaDdite. 


23. 


24. 


26. 


27. 


physical  nature  of  the  faces,  or  by  optical  means,  that  the  three  pairs  of 
facies  are  like  faces,  independently  of  their  size,  or,  in  other  words,  tnat  the 
molecular  structure  is  the  same  in  the  three  directions  normal  to  them. 

Further,  in  the  case  of  a  normal  cube,  a  face  of  an  octahedron  on  any  solid 
angle  requires,  as  explained  beyond,  similar  faces  on  the  other  angles.    It  is 

not  necessary,  however,  that 
these  eight  faces  should  be  of 
equal  size,  for  in  the  crystal- 
lographic  sense  Fig.  26  is  as 
truly  symmetrical  with  reference 
to  the  planes  named  as  Fig.  27. 
19.  On  the  other  hand,  the 
molecular  and  hence  the  crys- 
tallographic  symmetry  is  not 
always  that  which  the  geomet- 
rical form  would  suggest.  Thus,  deferring  for  the  moment  the  consideration 
of  pseudo-symmetry,  an  illustration  of  the  fact  stated  is  afforded  by  the  cube. 

*  It  ia  to  be  noted  that  the  perepective  figures  of  crj'stnls  always  show  the  geometrionlly 
ideal  form,  Id  which  like  faces,  edges,  and  nnglcs  have  the  same  sliape,  size,  and  posiMon. 
In  other  words,  the  ideal  crystal  is  uniformly  represented  as  having  the  symmetry  called 
for  by  the  strict  geometrical  definition. 
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It  has  already  been  implied  and  will  be  fully  explained  later  that  while  the 
cube  of  the  normal  group  of  the  isometric  system  has  the  symmetry  described 
in  Arts.  15,  16,  a  cube  of  the  same  geometrical  form  bat  belonging  molecularly. 
for  example,  to  the  tetrahedral  group,  has  no  planes  of  symmetry  parallel  to 
the  faces,  only  the  six  diagonal  planes  ;  further,  though  the  four  axes  sliown 
in  Fig.  18  are  still  axes  of  trigonal  symmetry,  the  cubic  axes  (Fig,  19)  are 
axes  of  binary  symmetry  only,  and  there  are  no  axes  of  symmetry  correspond- 
ing to  those  represented  in  Fig.  17.  Other  more  complex  cases  will  be 
described  later. 

Further,  a  crystal  having  interfacial  angles  of  90°  is  not  necessarily  a  cube: 
in  other  words,  the  angular  relations  of  the  faces  do  not  show  in  this  case 
whether  the  figure  is  bounded  by  six  like  faces;  or  whether  only  two  are  aliko 
and  the  third  unlike;  or,  finally,  whether  there  are  three  pairs  of  unlike  faces. 
The  question  must  be  decided,  in  such  cases,  by  the  molecular  structure 
as  indicated  by  the  physical  nature  of  the  surfaces,  by  the  cleavage,  or  by 
other  physical*  characters,  as  pyro-electricity,  those  connected  with  ligli't 
phenomena,  etc. 

Still  again,  the  student  will  learn  later  that  the  decision  reached  in  regard 
to  the  symmetry  to  which  a  crystal  belongs,  based  upon  the  distribution  of  the 
faces,  is  only  preliminary  and  approximate,  and  before  being  finally  accepted 
it  must  be  confirmed,  first,  by  accurate  measurements,  and,  second,  by  a  minute 
study  of  the  physical  characters  as  just  insisted  upon. 

The  method  basefl  upon  the  physical  characters,  which  eives  most  conclusive  results 
and  admits  of  the  widest  applicaiiou,  is  the  skillful  etching  of  the  surface  of  the  crystal  hy 
some  appropriate  solvent.  By  this  means  there  are,  in  general,  produced  upon  1l  niiuut'e 
depressions  the  shape  of  which  always  conforms  to  the  symmetry  m  the  arrangement  of  iLe 
molecules.  This  process,  which  is  in  part  es.sentiully  one  involving  the  dissection  of  the 
iiiokcular  structure,  is  more  particularly  discussed  in  the  chapter  on  Physical  Mineralogy. 

20.  Pseudo-symmetry. — The  crystals  of  certain  species  approximate  closely 
in  angle,  and  therefore  in  apparent  symmetry,  to  the  requirements  of  a  system 
higher  in  symmetry  than  that  to  which  they  actually  belong:  they  are  then 
said  to  exhibit  pseudo-sym/nietry.  Numerous  examples  are  given  under  the 
different  systems.  Thus  the  micas  have  been  shown  to  be  truly  monoclinic 
in  crystallization,  though  in  angle  they  seem  to  be  in  some  cases  rhonibo- 
hedral,  in  others  orthorhombic. 

It  will  be  shown  later  that  compound,  or  twin,  crystals  may  also  simulate 
by  their  regular  grouping  a  higher  grade  of  symmetry  than  that  which  belongs 
to  tlie  single  crystal.  Such  crystals  also  exhibit  pseudo-symmetry  and  are 
specifically  called  mimetic.  Thus  aragonite  is  an  example  of  an  orthorhombic 
species,  whose  crystals  often  imitate  by  twinning  those  of  the  hexagonal 
system.*  Again,  a  highly  complex  twinned  crystal  of  the  monoclinic  species, 
phillipsite,  may  have  nearly  the  form  of  a  rhombic  dodecahedron  of  the 
isometric  system.  This  kind  of  pseudo-symmetry  also  occurs  among  the 
groups  of  a  single  system,  since  a  crystal  belonging  to  a  group  of  low  symmetry 
may  by  twinning  gain  the  geometrical  symmetry  of  the  corresponding  form 
of  the  normal  group.  This  is  illustrated  by  a  twinned  crystal  of  scheelite 
like  that  figured  (Fig.  378)  in  the  chanter  on  twin  crystals. 

Pseudo-symmetry  of  still  another  kind,  where  there  is  an  imitation  of  the 
symmetry  of  another  system  of  lower  grade,  is  particularly  common  in 
crystals  of  the  isometric  system  {e,g,,  gold,  copper).     The  result  is  reached  in 


•The  Xiitm^  pseudo-hexagonal,  etc.,  used  in  this  an  J  similar  cases  explain  themselves. 
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such  cases  by  an  abnormal  development  or  "distortion^*  in  the  direction  of 
certain  axes  of  symmetry.  This  subject  is  discussed  and  illustrated  on  a 
later  page. 

21.  PoMible  Groups  of  Symmetry. — The  theoretical  consideration  of  the 
different  kinds  of  symmetry  possible  among  crystals  built  up  of  like  molecules, 
as  explained  in  Arts.  30-32,  has  led  to  the  conclusion  that  there  are  thirty- 
two  (32)  types  in  all,  differing  with  respect.to  the  combination  of  the  different 
symmetry  elements  just  described.  Of  these  thirty-two  natural  groups  among 
crystals  based  upon  their  symmetry,  seven  groups  include  by  far  the  larger 
number  of  crystallized  minerals.  Besides  these,  some  thirteen  or  fourteen 
others  are  distinctly  represented,  though  several  of  these  are  of  rare  occur- 
rence. Further,  eight  or  nine  others,  making  in  all  twenty-nine  or  thirty,  are 
known  among  crystallized  salts  made  in  the  laboratory.-  The  characters  of 
eacli  of  the  thirty-two  groups  are  given  under  the  discussion  of  the  several 
crystalline  systems. 

22.  Crystallographic  Axes. — In  the  description  of  the  form  of  a  crystal, 
especially  as  regards  the  position  of  its  faces,  it  is  found  convenient  to 
assume,  after  the  methods  of  analytical  geometry,  definite  lengths  of  certain 
lines  passing  through  the  center  of  the  ideal  crystal,  as  a  basis  of  reference. 
(See  further  Art.  33  et  seq,) 

These  lines  are  called  the  crystallographic  axes.  Their  direction  is  to  a 
greater  or  less  extent  fixed  by  the  symmetry  of  the  crystals,  for  an  axis  of 
symmetry  is  in  almost  all  cases*  a  possible  crystallographic  axis.  Further, 
their  unit  lengths  are  fixed  sometimes  by  the  symmetry,  sometimes  by  the 
faces  assumed  as  fundamental,  i.e.j  the  unit  forms  in  the  sense  defined  later. 
The  dotted  lines  shown  in  Fig.  19  are  the  crystallographic  axes  to  which  the 
cubic  faces  are  referred. 

23.  Systems  of  Crystallization. — The  thirty-two  possible  crystalline  groups, 
distinguished  from  one  another  hj  their  symmetry,  are  classified  in  this  work 
under  six  systems,  each  characterized  by  the  relative  lengths  and  inclinations 
of  the  assumed  crystallographic  axes.     These  are  as  follows: 

I.  IsoMETBic  System.    Three  equal  axes  at  right  angles  to  each  other. 

II.  Tetkagonal  System.  Three  axes  at  right  angles  to  each  other,  two 
of  them— the  lateral  axes — equal,  the  third — the  vertical  axis— longer  or 
shorter. 

III.  Hexagonal  Sxstem.  Four  axes,  three  equal  lateral  axes  in  one 
plane  intersecting  at  angles  of  60°,  and  a  vertical  axis  at  right  angles  to  this 
plane  and  longer  or  shorter. 

IV.  Orthorhombic  System.  Three  axes  at  right  angles  to  each  other, 
but  all  of  different  lengths. 

V.  MoNOCLiNic  System.  Three  axes  unequal  in  length,  and  having  one 
of  their  intersections  oblique,  the  two  other  intersections  equal  to  90°. 

VI.  Triclinic  System.  Three  unequal  axes  with  mutually  oblique 
intersections. 

The  systems  of  crystallization  have,  been  variously  oamed  by  different  authors,  as 
follows: 

IsosiETRic.  Te99ular  of  Mohs  and  Haidinger;  Tsometric  of  Ha\ismann;  Tesgeral  of 
N'numann:  Regular  of  Weiss  and  Rose;  Oubic  of  Dufr6noy.  Miller,  Des  Cloizeaux; 
ifonometric  of  the  earlier  editions  of  Dana's  System  6f  Mineralogy. 

•Exceptions  are  found  in  the  isometric  system,  where  the  axes  must  necessarily  be  the 
axes  of  tetragonal  symmetry  (Fig.  19),  and  cannot  be  thoie  of  Tjinary  or  trigonal  symmetry 
<Figs.  17,  18). 
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Tetragonal.  Pyramidal  of  Mobs;  Viergliedrige,  or  Zam-und-^naxige,  of  Weij^s; 
Tetragonal  of  Kaumauu;  Monodimetrie  of  Hausmauu;  Quadratic  of  tod  Eubell;  Dime.ric 
of  eni'ly  editions  of  Dana's  System. 

Hexagonal.  Wtombohedral  of  Mobs;  SecUsgliedrige,  or  Dret-und-einaxige  of  Weibs; 
Hexagonal  of  Naumann;  MonotHmeiric  of  Hausmann.   * 

Okthorhombic.  Prismatie,  or  OrVtotype,  of  Mohs;  Ein-undeinaxige  of  Weis-; 
R?u>mhic  and  Anuometrie  of  Naumann;  Trimetric  and  Orthorhambie  of  Hausmauu; 
Trtmetric  of  earlier  editions  of  Dana's  System. 

MoNOCLiNic.  Hemiprismaiic  and  iiemiorthotype  of  Mohs;  Zwei-undeingliedrige  of 
Weiss;  Mbnoelino/iedral  of  Naumann;  GlinorJiombic  of  v.  KobelK  Hausmauu,  Des 
Cloizeaux;  Augitie  of  Haidinger;  Oblique  ot  Miller;  Monosymmetric  of  Groth  (1876). 

Tkiclinic.  2Vtorto-prM«ia<*c  of  Mohs;  Mn-und-eingliedrige  of  Weiss;  Triclino/iedrtl 
of  Naumann;  Clinor/iombcidal  of  v.  Eobell;  Anorihic  of  Haidinger  and  Miller;  AnorVtic, 
or  Donbly  Oblique,  of  Des  Cloizeaux;  Aspmmetric,  of  Grotli  (1870). 

As  remarked  later,  some  authors  prefer  to  divide  the  thirty>two  symmetry  groups  into 
«tfD«n  systems,  referring  the  so-called  rhombohedral  forms  to  thi-ee  equal  axes  with  equal 
oblique  intei'sections;  this  is  the  trigonal  syetem  of  Groth  (1896). 

24.  Each  one  of  the  six  systems,  as  will  be  understood  from  Art.  21, 
embraces  several  groups  differing  among  themselves  in  their  symmetry. 
One  of  these  groups  is  conveniently  called  the  normal  group,  since  it  is  in 
general  the  common  one,  and  since  further  it  exhibits  the  highest  degree  of 
symmetry  possible  for  the  given  system,  while  the  others  are  lower  in  grade 
of  symmetry. 

It  is  important  to  note  that  the  groups  comprised  within  a  given  system 
are  at  once  essentially  connected  together  by  their  common  optical  characters, 
and  in  general  separated  *  from  those  of  the  other  systems  in  the  same  way. 

In  tne  paragraphs  immediately  following,  a  synopsis  is  given  of  the  sym- 
metry of  the  normal  group  of  each  of  the  different  systems,  and  also  that  of 
one  subordinate  group  of  the  hexagonal  system,  which  is  of  so  great  impor- 
tance that  it  is  also  often  conveniently  treated  as  a  sub-system  even  when,  as 
in  this  work,  the  forms  are  referred  to  the  same  axes  as  those  of  the  strictly 
hexagonal  type — a  usage  not  adopted  by  all  authors. 

26.  Symmetry  of  the  Systems. — With  respect  to  the  symmetry  of  the  form, 
which  finds  practical  expression,  as  before  stated,  in  the  axial  relations,  the 
normal  groups  under  the  different  systems  are  characterized  as  follows. 

I.  Isometric  System.  Three  like  axial  f  planes  of  symmetry  (principal 
planes)  parallel  to  the  cubic  faces,  and  fixing  by  their  intersection  the 
crystallographic  axes;  six  like  diagonal  planes  of  symmetry,  passing  through 
each  opposite  pair  of  cubic  edges,  and  hence  parallel  to  the  faces  of  the 
rhombic  dodecahedron. 

Further,  three  like  axes  of  tetragonal  symmetry,  the  cubic  or  crystallo- 
graphic axes;  four  like  axes  of  trigonal  symmetry,  the  octahedral  axes;  and 
six  like  axes  of  binary  symmetry,  the  dodecahedral  axes.  There  is  also 
obviously  a  center  of  symmetry. J  These  relations  are  illustrated  by  Fig.  28; 
also  by  Fig.  41 ;  further  by  Figs.  70  to  110. 

*  Crystals  of  the  tetragonal  and  hexagonal  systems  are  alike  in  being  optically  annxlnl: 
but  the  crystals  of  all  the  other  systems  have  distinguishing  optical  oliaracters. 

f  Two  planes  of  symmetry  are  said  to  be  2tA:«when  they  divide  the  ideal  crystal  int  * 
halves  which  are  identical  to  each  other;  otherwise,  they  are  said  to  be  unlike.  Axes  of 
symmetry  are  nlso  like  or  unlike.  If  a  plane  of  symmetry  includes  two  of  the  crystallo- 
rniphic  axes,  it  is  cjilled  an  axial  plane  of  symmetry.  If  the  plane  includes  two  or  m<  re 
ike  axes  of  symmetry,  it  is  called  a  principal  pl^ine  of  symmetry;  also  an  axis  of  symiiieiry 
in  which  two  or  more  like  planes  of  symmetry  m»*et  is  a  principal  axis  of  symmetry. 

^In  describing  the  symmetry  of  the  different  groups,  here  and  later,  the  center  of 
symmetry  is  ordinarily  not  mentioned  when  its  presence  or  absence  is  obvious. 
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II.  TETRAGOisrAL  SYSTEM.  Three  axial  planes  of  symmetry:  of  these  two 
are  like  planes  intersecting  at  90""  in  a  line  which  is'  the  vertical  crystallo- 
graphic  axis,  and  the  third  plane  (a  principal  plane)  is  normal  to  them  and 
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hence  contains  the  lateral  axes.  There  are  also  two  diagonal  planes  of  sym- 
metry, intersecting  in  the  vertical  axis  and  meeting  the  two  axial  planes  at 
gles  of  45**. 

Further,  there  is  one  axis  of  tetragonal  symmetry,  a  principal  axis;  this  is 
the  vertical  crystallographic  axis.  There  are  also  in  a  plane  normal  to  this 
four  axes  of  binary  symmetry — like  two  and  two — those  of  each  pair  at  right 
angles  to  each  other.  Fig.  29  shows  a  typical  tetragonal  crystal,  and  Fig.  30 
a  basal  projection  of  it,  that  is,  a  projection  on  the  principal  plane  of  sym- 
metry normal  to  the  vertical  axis.     See  also  Fig.  42  and  Figs.  149-171. 

III.  Hexagonal  System.  In  the  Hexagonal  Divisioti  there  are  four 
axial  planes  of  symmetry;  of  these  three  are  like  nlanes  meeting  at  angles  of 
60'',  their  intersection-line  being  the  vertical  crystallographic  axis;  the  fourth 
plane  (a  principal  plane)  is  at  right  angles  to  these.  There  are  also  three 
other  diagonal  planes  of  symmetry  meeting  the  three  of  the  first  set  in  the 
vertical  axis,  ana  making  with  them  angles  of  30^ 

31.  32.  33. 
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Further,  there  is  one  principal  axis  of  hexagonal  symmetry;  this  is  the 
vertical  crystallographic  axis;  at  right  angles  to  it  there  are  also  six  binary 
axes.  The  last  are  in  two  seta  of  three  each.  Fig.  31  shows  a  typical 
hexagonal  cmtal,  and  Fig.  32  a  basal  projection  of  the  same.  See  also 
Fig.  43  and  Figs.  195-200. 
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In  the  Trigonal  or  Rliomhohedral  Division  of  this  system  there  are  three 
like  planes  of  symmetry  intersecting  at  angles  of  60  in  the  vertical  axis. 
Further,  the  forms  belonging  here  have  a  vertical  principal  axis  of  trigonal 
symmetry,  and  three  horizontal  axes  of  binary  symmetry,  diagonal  in  position 
to  the  crystal lographic  axes.  Fig.  33  shows  a  typical  rhombohedral  crystal, 
and  Fig.  34  a  basal  projection.     See  also  Figs.  226-252. 

34.  36.  36. 


m 

f 


H  t' 


Corundum. 


Chrysolite. 


(f 


m"^ 


\9f 


r^ 


Chrysolite. 


IV.  Orthorhombio  System.  Three  unlike  planes  of  symmetry  meeting 
at  90°,  and  fixing  by  their  intersection-lines  the  position  of  the  crystallo- 
graphic  axes.  Further,  three  unlike  axes  of  binary  symmetry  coinciding  with 
the  last-named  axes.  Fig.  35  shows  a  typical  orthorhombio  crystal,  and 
Fig.  36  a  basal  projection.     See  also  Fig.  44  and  Figs.  275-303. 

V.  MoNOCLiNic  System.  One  plane  of  symmetry  which  contains  two  of 
the  crystallographic  axes.  Also  one  axis  of  binary  symmetry,  normal  to  this 
plane  and  coinciding  with  the  third  crystallographic  axis.  See  Figs.  37-39; 
also  Fig.  45  and  Figs.  312-327. 

37.  38.  39.  40. 


Axinite. 

VI.  Triclinic  System.  No  plane  and  no  axis  of  symmetry,  but  sym- 
metry solely  with  respect  to  the  central  point.  Fig.  40  and  Fig.  46  show 
typical  triclinic  crystals.     See  also  Figs.  333-341. 

26.  The  relations  of  the  normal  groups  of  the  different  systems  are  further 
illustrated  both  as  regards  the  crystallographic  axes  and  symmetry  by  the  accom- 
panying figures,  41-46.  The  exterior  form  is  here  that  bounded  by  faces  each 
of  which  is  parallel  to  a  plane  through  two  of  the  crystallographic  axes 
indicated  by  tne  central  broken  lines.  Further,  there  is  shown,  within  this,  the 
combination  of  faces  each  of  which  joins  the  extremities  of  the  unit  lengths 
of  the  axes. 
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The  full  understanding  of  the  subject  will  not  be  gained  until  after  a 
study  of  the  forms  of  each  system  in  detail.  Nevertheless  the  student  will  do 
well  to  make  himself  familiar  at  the  outset  with  the  fundamental  relations 
here  illustrated. 
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It  will  be  shown  later  that  the  symmetry  of  the  different  groups  can  be 
most  clearly  and  easily  exhibited  by  the  use  of  the  spherical  projection  ex- 
plained in  Art.  39  ti  seq. 

37.  Modal!  — Glass  (or  transpareDt  celluloid)  models  illustratiDg  the  differcut  systems, 
havinsr  ihe  forms  shown  in  Pigs.  41-46,  will  be  very  useful  to  the  student,  especially  in 
Itiiiiiinir  ilje  fundamental  relations  as  regards  symmetry.  They  should  show  within  the 
msiallogniphic  axes,  and  by  colored  threads  or  wires  the  outlines  of  one  or  more  simple 
forms.  MjmIc  a  *  of  wood  are  also  made  in  great  variety  and  perfection  of  form;  these  are 
iudispeusable  to  the  student  in  mastering  the  principles  of  crystallography. 

28.  So-called  Holohedral  and  Hemihedral  Forms. — It  will  appear  later  that 
each  crystal  form  f  of  the  normal  group  in  a  given  system  embraces  all  the 
faces  which  iiave  a  like  geometrical  position  with  reference  to  the  crystallo- 
graphic  axes;  such  a  form  is  said  to  be  liololiedral  (from  oAo?  and  edpa,  face). 
On  the  other  hand,  under  the  groups  of  lower  symmetry,  a  cert«^in  form,  while 
necessarily  having  all  the  faces  which  the  symmetry  allows,  may  yet  have  but 
hfdf;^  many  as  tne  corresponding  form  of  the  normal  group;  these  half-faced 
forms  are  sometimes  called  on  this  account  hemihedral.  Furthermore,  it  will 
be  seen  that,  in  such  cases,  to  the  given  holohedral  form  there  correspond  two 
similar  and  complementary  hemihedral  forms,  called  respectively  plus  and 
minus  (or  right  and  left),  which  together  embrace  all  of  its  faces. 


*  Models  can  be  obtained  from  Dr.  F.  Krantz  in  Bonn,  Germany, 
f  The  use  of  the  word /arm  is  defined  in  Art   86. 
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A  single  example  will  help  to  make  the  above  statement  Intellin'ble.  In  the  normal 
group  of  tbe  isometric  system,  the  octabedrou  (Fig.  47)  is  a  *'bolohedrar'  form  ^*iih  h11 
the  possible  faces— eight  iu  number — which  are  alike  in  that  they  meet  the  tixes  at  equal 
distances.  In  ihe  tetrabedral  group  of  the  stime  system,  the  forms  are  referi-ed  to  tbe  same 
crystallographlc  axes,  but  the  symmetry  defined  in  Art.  19  (and  more  fully  later)  calls  for 
but  four  similar  faces  having  the  position  described.  These  yield  a  four- faced,  or  *•  heini- 
hedral,'*  form,  the  tetrahedron.  Figures  48  and  49  show  the  plus  and  minus  tetrahedron, 
which  together,  it  will  be  seen,  embrace  all  the  faces  of  the  octahedron,  Fig.  47. 


48. 


49. 


In  certain  groups  of  still  lower  symmetry  a  given  crystal  form  may  have 
bat  one-quarter  of  the  faces  belonging  to  the  corresponding  normal  form,  and, 
after  the  same  method,  such  a  form  is  sometimes  called  tetartoJiedral. 

The  development  of  the  various  possible  kinds  of  hemihedral  (and  tetarto- 
hedral)  forms  under  a  given  svstem  nas  played  a  prominent  part  in  the  crystal- 
lography of  the  past,  but  it  leads  to  much  complexity  and  is  distinctly  less 
simple  than  the  direct  statement  of  the  symmetry  in  each  case.  The  latter 
method  is  systematically  followed  in  this  work,  and  the  subject  of  hemihedrism 
is  dismissea  with  the  brief  (and  incomplete)  statements  of  this  and  the  follow- 
ing paragraphs. 

29.  Hemimorpliic  Forms. — In  several  of  the  systems,  forms  occur  under  the 
groups  of  lower  symmetry  than  that  of  the  normal  group  which  are  character- 
ized by  this :  that  there  is  no  transverse  plane  of  sym- 
metry, but  the  faces  present  are  only  those  belonging  to 
one  extremity  of  an  axis  of  symmetry  (and  cryst^lo- 
graphic  axis).  Such  forms  are  conveniently  called  hettii- 
morphic  forms.  A  simple  example  under  the  hexagonal 
system  is  given  in  Fig.  50.  It  is  obvious  that  hemi- 
morphic  forms  have  no  center  of  symmetry. 

30.  Molecular  Ketworks.— Much  li^ht  has  recently 

been  thrown  upon  the  relations  existing  between  the 

different  types  of  crystals,  on  the  one  hand,  and  of  these 

to  the  physical  properties  of  crystals,  on  the  other,  by 

the  consideration  of  the  various  possible  methods  of 

grouping  of  the  molecules  of  which  the  crystals  are 

supposed  to  be  built  up.  This  subject,  very  early  treated 

by  Haiiy  and  others  (including  J.  D.  Dana),  was  discussed  at  length  by  Fraii- 

kenheim  and  later  by  Bravais.     More  recently  it  has  been  extended  and 

elaborated  by  Sohncke,  Wulff,  Schonfliess,  Fedorow,  Barlow,  and  others.* 

All  solid  bodies,  as  stated  in  Art.  7,  are  believed  to  be  made  up  of  definite 


Zincite. 


*  See  the  literature  following  Art  82. 
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physical  units,  called  the  physical,  or  crystal,  molecules.  Of  the  form  of  the 
niulecules  nothing  is  definitely  known,  and  though  theory  has  something  to  say 
about  their  size,  it  is  enough  nere  to  understand  that  they  are  almost  infinitely 
?:r.all,  so  small  that  the  surface  of  a  solid — e.g.  of  a  crystal — may  appear  to  the 
ouch  and  to  the  eye,  eyen  when  assisted  by  a  powerful  microscope,  as  perfectly 
?:^ioOth. 

The  molecules  are  further  believed  to  be  not  in  contact  but  separated  from 

le  another — if  in  contact,  it  would  be  impossible  to  explain  the  motion  to  which 

lie  sensible  heat  of  the  body  is  due,  or  the  transmission  of  radiation  (radiant 

lit  It  and  light)  through  the  mass  by  the  waye  motion  of  the  ether,  which  is 

uelieved  to  penetrate  tne  body. 

When  a  body  passes  from  the  state  of  a  liquid  or  a  gas  to  that  of  a  solid, 
under  such  conditions  as  to  allow  perfectly  free  action  to  the  forces  acting 
between  the  molecules,  the  result  is  a  crystal  of  some  definite  type  as  regards 
symmetry.  The  simplest  hypothesis  which  can  be  made  assumes  that  the 
fcrm  of  the  crystal  is  determined  by  the  way  in  which  the  molecules  ^oup 
ibemselves  together  in  a  position  of  equilibrium  under  the  action  of  the  inter- 
molecular  forces. 

As,  however,  the  forces  between  the  molecules  vary  in  magnitude  and  direc- 
tion from  one  type  of  crystal  to  another,  the  resultant  grouping  of  the  molecules 
must  also  vary,  particularly  as  regards  the  distance  between  them  and  the 
angles  between  the  planes  in  which  they  lie.  This  may  be  simply  represented 
by  a  series  of  geometrical  diagrams,  showing  the  hypothetical  groupings  of 
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points  which  are  strictly  to  be  regarded  as  the  centers  of  gravity  of  the  mole- 
'  ules  themselves.  Such  a  grouping  is  named  a  netioork,  or  point-system,  and 
it  is  said  to  be  regular  when  it  is  the  same  for  all  parallel  lines  and  planes, 
liowever  they  be  taken.  For  the  fundamental  observed  fact,  true  in  all  simple 
crystals,  that  they  have  like  physical  properties  in  all  parallel  directions,  leads 
to  the  conclusion  that  the  grouping  of  the  molecules  must  be  the  same  about 
^:i  h  one  of  them  ^or  at  least  about  each  unit  group  of  them),  and  further  the 
tame  in  all  parallel  lines  and  planes. 

The  subject  may  be  illustrated  by  Figs.  51,  52  for  two  typical  cases,  which 
are  easily  understood.  In  Fig.  51  the  most  special  case  is  represented  where 
the  points  are  grouped  at  equal  distances,  in  planes  at  right  angles  to  each 
other.    The  structure  in  this  case  obviously  corresponds  in  symmetry  to  the 
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cube  described  in  Arts.  15  and  16,  or,  in  other  words,  to  the  normal  group  of 
the  isometric  system.  Again,  in  Fig.  52,  the  general  case  is  shown  where  the 
molecules  are  unequally  grouped  in  the  three  directions,  and  further  these 
directions  are  oblique.  The  symmetry  is  here  that  of  the  normal  group  of  the 
triclinic  system. 

If,  in  each  of  these  cases,  the  figure  be  bounded  by  the  simplest  possible 
arrangement  of  eight  points,  the  result  is  an  elementary  par allelopipea,  whicii 
obviously  defines  the  molecular  structure  of  the  whole.  In  the  grouping  of 
these  parallelepipeds  together,  as  described,  it  is  obvious  that  in  whatever 
direction  a  line  be  drawn  through  them,  the  points  (molecules)  will  be  spaced 
alike  along  it,  and  the  grouping  about  any  one  of  these  points  will  be  the  same 
as  about  any  other. 

31.  Certain  important  conclusions  can  be  deduced  from  a  consideration  of 
such  regular  molecular  networks  as  have  been  spoken  of,  which  will  be 
enumerated  here  though  it  is  impossible  to  attempt  a  full  explanation. 

(I)  The  prominent  crystalline  faces  must  be  such  as  include  the  largest 
number  of  points,  that  is,  those  in  which  the  points  are  nearest  together. 

Thus  in  Fig.  53,  which  represents  a  section  of  a  network  conforming  in 
symmetry  to  the  structure  of  a  normal  orthorhombic  crystal,  the  common  crystal- 
line faces  would  be  expected  to  be  those  having  the  position  bb,  aa,  mm,  then 


K,  nn,  and  so  on.  This  is  found  to  be  true  in  the  study  of  crystals,  for  the 
common  forms  are,  in  nearly  all  cases,  those  whose  position  bears  some  simple 
relation  to  the  assumed  axes;  forms  whose  position  is  complex  are  usually 
present  only  as  small  faces  on  the  simple  predominating  forms,  that  is,  as 
modifications  of  them.     So-called  vicinal  forms,  that  is,  forms  taking  the  place 
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of  the  simple  fnndamental  forms  to  whioh  they  approximate  very  closely  in 
angular  position,  are  exceptional. 

(2)  When  a  variety  of  faces  occur  on  the  same  crystal,  the  numerical  rela- 
tion existing  between  them  (that  which  fixes  their  position)  must  be  rational 
and,  as  stated  in  (I),  a  simple  numerical  ratio  is  to  be  expected  in  the  common 
cases.  This,  as  explained  later,  is  found  by  experience  to  be  a  fundamental 
law  of  all  crystals.  Thus  in  Fig.  53,  starting  with  a  face  meeting  the  section 
in  vim,  tt  would  be  a  common  face,  and  for  it  the  ratio  is  I::;^  in  the  directions 
b  and  a;  nn  would  be  also  common  with  the  ratio  2:1. 

(3)  If  a  crystal  shows  the  natural  easy  fracture,  called  cleavage,  due  to  a 
minimum  of  cohesion,  the  cleavage  surface  must  be  a  surface  of  relatively  great 
molecular  crowding,  that  is,  one  of  the  common  or  fundamental  faces.  This 
follows  (and  thus  gives  a  partial,  though  not  complete,  ex|)lanation  of  cleav- 
age) since  it  admits  of  easy  proof  that  that  plane  in  which  the  points  are 
closest  together  is  farthest  separated  from  the  next  molecular  plane.  Thus  in 
Fig.  53  compare  the  distance  separating  two  adjoining  planes  parallel  to  bb  or 
fifi;  then  two  parallel  to  7nm,  li,  fm,  etc.  Illustrations  of  the  above  will  be 
found  under  the  special  discussion  of  the  subject  of  cleavage. 

32.  Kinds  of  Molecular  Oroapings.— The  discussion  on  the  basis  just 
described  shows  that  there  are  fourteen  possible  types  of  arrangement  of  the 
molecules.  These  agree  as  to  their  symmetry  with  the  seven  groups  defined  in 
Art.  25  as  representing  respectively 
the  normal  groups  of  the  six  systems 
with  also  that  of  the  trigonal  (or 
the  rhombohedral)  division  of  the 
hexagonal  system  Of  the  fourteen^ 
tiiree  groupings  belong  to  the  iso- 
metric system  (these  are  shown,  for 
!?ake  of  illustration,  in  Fig.  54,  a,b,c,  from  Groth);  two  to  the  tetrajronal;  ono 
e4ich  to  the  hexagonal  and  the  rhombohedral;  four  to  the  orthorhombic  sys- 
tem; two  to  the  nionoclinic,  and  one  to  the  triclinic. 

In  its  simplest  form,  as  above  outlined,  the  theory  fails  to  explain  the  ex- 
istence of  the  groups  under  the  several  systems  of  a  symmetry  lower  than  that 
of  the  normal  group.  It  has  been  shown,  however,  by  Sohncke  and  later  by 
Fedorow,  Schonflies  and  Barlow,  that  the  theory  admits  of  extension.  The 
idea  supposed  by  Sohncke  is  this:  that,  instead  of  the  simple  form  shown,  the 
network  may  consist  of  a  double  system,  one  of  which  may  be  conceived  of  as 
baving  a  position  relative  to  the  other  ( 1  ^  as  if  pushed  to  one  side,  or  (2)  as  if 
rotated  about  an  axis,  or  finally  (3)  as  if  both  rotated  as  in  (2)  and  displaced 
as  in  (1).  The.  complexity  of  the  subject  makes  it  impossible  to  develop  it 
iiere.  It  must  suffice  to  say  that  with  this  extension  Sohncke  conchides  that 
*here  are  65  possible  groups.  This  number  has  been  further  extended  to  230 
W  the  other  authors  named,  but  it  still  remains  true  that  these  fall  into  32 
liistinct  types  as  regards  symmetry,  and  thus  all  the  observed  groups  of  forms 
among  crystals,  described  under  the  several  systems,  have  a  theoretical 
explanation. 

Literature. — A  complete  understanding  of  this  subject  can  only  be  gained 
by  a  careful  study  of  the  many  papers  devoted  to  it,  a  partial  list  of  which  is 
added  below.  Further  references  particularly  to  the  early  literature  are 
given  in  Sohncke's  work  (see  below).  An  excellent  and  very  clear  summary  of 
the  whole  subject  is  given  by  Groth  in  the  third  edition  of  his  Physikalische 
Krystallographie,  1895. 
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GENERAL  MATHEMATICAL  RELATIONS  OF 

CRYSTALS. 

83.  Axial  Eatio^  Axial  Plane. — The  crystallographic  axes  have  been  defined 

(Art.  22)  as  certain  lines,  usually  determined  by  the  symmetry,  which  are  used 

in  the  description  of  the  faces  of  crystals,  and  in  the  determination  of  their 

position  and  angular  inclination.     With  these  objects  in  view,  certain  lengths 

55,  of  these  axes  are  assumed  as  units  to  which  the 

occurring  faces  are  referred. 

The  axes  are,  in  general,  lettered  a,  b,  c,  to 
correspond  to  the  scheme  in  Fig.  55.  To  aid  the 
memory,  the  letters  may  be  further  distinguished; 
as  i  (vertical  axis);  d,  h  (shorter  and  longer  lateral 
axes),  etc. 

If  two  of  the  axes  are  equal,  they  are  desig- 
nated a,  a,  d\  if  three,  a,  a,  a.  In  one  system,  the 
hexagonal,  there  are  four  axes,  lettered  a,  a,  a,  L 
Further,  in  the  systems  other  than  the  isomet- 
ric, one  of  the  lateral  axes  is  taken  as  the  unit  to 
which  the  other  axes  are  referred;  hence  the  lengths  of  the  axes  express 
strictly  the  axial  ratio.  Thus  for  sulphur  (orthorhombic,  see  Fig.  57)  the 
axial  ratio  is 

«:?:(!  =  0-8131  :  1  :  1'9034. 

For  rutile  (tetragonal)  it  is 

a  :  (J  =  1  :  0-64415,    or,    simply,  i  =  0-64415. 
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The  plane  of  any  two  of  the  axes  is  called  an  axial  plane^  and  the  space 
included  by  the  three  axial  planes  is  an  octant,  since  the  total  space  about  the 
center  is  thus  divided  bv  the  three  axes  into  eight  parts.  In  the  hexagonal 
.-ystem,  however,  where  there  are  three  lateral  axes,  the  space  about  the  center 
15  divided  into  12  parts,  or  sectants. 

34.  Parameters,  SymboL— The  parameters  of  a  plane  are  its  intercepts  on 
:]ie  assumed  axes.  The  symbol  expresses,  often  m  abbreviated  form,  the 
r>  lution  of  these  intercepts  to  certain  lengths  of  the  axes  taken  as  units. 

For  example,  in  Fig.  56  let  the  lines  OXy  OT^  OZ  be  taken  as  the  direc- 
tiii!^  of  the  crystallographic  axes,  and  let  OA,  OB,  OC  represent  the  unit 
i<'ii.:j:ths,  designated  (always  in  the  same  order)  by  the  letters  a,  J,  c.  Then  the 
1  uninieters  for  the  plane  (1)  HEL  are  OH,  OK,  OL)  for  the  plane  (2)  RNM 
fi]tv  are  OR,  OJS,  OM.  But  in  terms  of  the  unit  lengths  these  are, 
respectively, 


(1)     4^:3*:  2^. 


or         (2)    la 


¥ 


2e. 


These  two  expressions  are  identical,  since  the  two  planes  HKL,  MNR  are 
])arallel  and  hence  crystalloeraphically  the  same.  Obviously  each  of  the  above 
expressions  may  be  changed  into  the  other  by  multiplying  (or  dividing)  by  4 


It  will  be  noted  that  in  (1)  the  numerators  of  the  fractional  numbers  express- 
iiiiT  the  relation  to  the  axes  are  all  unity;  while  in  (2)  the  number  referring 
to  one  of  the  lateral  axes  (a)  is  made  unity.  The  significance  of  this  distinc- 
tion will  appear  at  once. 

The  general  expression  for  any  plane  referred  to  these  axes,  written  after 
the  same  method,  will  be 


(1)    \a 


or        (2)     \a  \  nb  :  mc. 
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Here  in  (1)  tbe  numbers,  or  indices,  hkl  (in  the  case  above,  432)  constitute 
the  symbol  after  the  method  of  Miller  (1839;  earlier  developed  by  Wl  ewei. 
and  Grassmann). 

The  second  form  (2)  is  the  symbol  essentially  as  early  written  by  XNeis*, 
This  last  was  contracted  by  Naamann  to  viPn  {mOn  in  the  isometric  system  . 
the  axes  bein^  omitted  from  the  expression  and  the  order  reversed ;  the  saine 
with  the  omission  of  the  P  (or  0),  m-«,  is  adopted  in  Dana's  System  -f 
Mineralogy,  in  the  last  edition  (1892)  of  which  wort,  however,  the  Miller  svm- 
bols  are  given  the  preference. 

In  the  hexagonal  system  there  are  assumed  four  axes,  three  of  them  lateral 
axes.  Corresponding  to  this,  in  the  symbols  after  the  method  of  Miller  :is 
adapted  by  Bmvais,  there  are  four  indices,  hhll.  The  relation  of  these  to  the 
axes  is  the  same  as  in  the  other  cases,  as  explained  under  the  hexagonal 
system. 

The  following  are  other  examples  of  planes  with  the  symbols  written  after 
the  two  methods  given.  It  will  be  seen  that  the  respective  expressions  unde; 
(1)  and  (2)  are  identical. 

HiUer^B  Symbol                                                   Naumann*s  BymboL 
3«:  3*:  j-« 221        or        la:  tbi^ 2Por2 

la:  \bi  Itf 212         "         la:  26-.lc P2orl-2 

2         12 

ia:  ift:  jtf 201         ••         \aicoh\2c 2P»  or  2-» 

•|a:  Y^:  70 ^^^         **         la:  26: 000 ooP2or  t-2 

T*"  "O**  0^ ^^         **         ^*  :oo6:ooc oofto  or  t-i 

If  the  axial  values  are  measured  behind  for  the  axis  a,  to  the  left  for  h,  or 
below  for  c,  they  are  called  negative,  and  a  minus  sign  is  placed  over  the 
corresponding  number  of  the  Miller  symbols;  as, 

MOler.  Miller, 

-!•:  4*=  h :•  ^^  -1"= ^=  V ^» 

It  is  sometimes  stated  that  Kallmann's  symbols  are  the  more  easy  of  comprehe!)si«>u 
because  more  readily  referred  to  the  axes,  and  this  is  in  a  measure  true.  If  the  student 
however,  will  accustom  himtielf  to  think  of  the  Miller  sy  ml>ols  in  the  form  given  above,  ihm 
is,  always  as  the  denominators  of  the  fractional  values  of  the  axes  whose  uumeralors  are 
unity,  he  will  never  have  any  trouble  in  seeing  the  position  of  a  given  plane  relatively  to 
the  axes.  He  must  remember  ihat  the  order  is  always  that  given  above,  /i.  *,  and  I  refer- 
ring respectively  to  the  axes  a,  b,  and  c;  moreover,  he  will  note  that  a  zero,  0,  alT^ays 

means  that  the  given  plane  is  parallel  to  the  axis  to  which  it  refers,  since  —  =  oo . 

With  the  symbols  of  Naumann,  the  m,  written  first,  always  refers  to  the  vertical  axis 
while  the  n,  which  follows,  and  is  alwavs  greater  than  unity,  refers  to  one  of  the  lateral 
axes,  the  other  being  made  unity.  To  which  lateral  axis  the  n  lielongs  is  often  indicated 
by  a  mark  over  the  n  (n,  or  n,  or  n),  or  attached  to  the  Pas  explained  under  the  different 
systems.  When  in  =  1.  it  is  omitted  before  the  P or  0  (but  not  so  when  the  Pis  dropped >; 
and  when  n  =  1,  it  is  omitted  in  all  rast^s. 

Other  svstems  of  synibols,  bes'de^  the  two  explained,  have  also  been  or  «»till  are  in  u<e, 
as  those  of  Weiss,  of  Mohs  and  Haidiuger,  Hausmnnn.  Levy,  Goldschmidt.  and  others 
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Of  tliese  the  symbols  of  Weiss  are  essentially  those  already  given  (under  3.  p.  23)  which, 
abbreviated  (and  inverted  In  order),  were  adopted  by  Naumanu.  The  symbols  of  Levy 
Lave  been  extensively  used  by  the  French  school  of  mineralogists.  A  veiy  full  explanation 
of  all  ihe  different  systems,  as  of  that  recently  devised  bv  himself,  is  given  In  Goldschmidi's 
Index  (1^^1891).  Trausformatitm  equations  for  the  important  cases,  are  given  by  Groth 
(Pfays.  Kry8t.),Mallai-d  (Crist.,  vol.  1),  Liebisch  (Kryst.),  and  others ;  see  p.  2. 

35.  Law  of  Eational  Indices. — The  study  of  crystals  has  established  the 
general  law  that  the  ratios  between  the  intercepts  on  the  axes  for  any  face  on 
a  crystal  to  those  of  any  other  face  can  always  be  expressed  by  rational 
numbers.  These  ratios  may  be  1:2,  3:1,  2:3,  1 : 0  (oo :  1 ),  Itc,  but  never 
1 :  i'2,  etc.  Hence  the  values  of  hkl  in  the  Miller  symbols  must  always  be 
either  whole  numbers  or  zero,  and  similarly  the  m  and  n  of  Naumann's  symbols 
may  be  whole  numbers  or  fractions,  or  infinity. 

li  the  form  whose  intercepts  on  the  axes  a,  b,  c  determine  their  assumed 
unit  lengths — the  unil  form  as  it  is  called — is  well  chosen,  these  numerical 
values  of  the  indices  are  in  most  cases  very  simple.  In  the  Miller  symbols, 
0  and  the  numbers  from  1  to  6  are  most  common.  • 

The  above  law,  which  has  been  established  as  the  result  of  experience,  in 
fact  follows  from  the  consideration  of  the  molecular  structure  as  hinted  at  in 
an  earlier  paragraph  (Art.  31). 

The  law  of  rational  indices  finds  an  illustration  later  under  the  isometric  system.  It  is 
staled  there  that  three  of  the  five  regular  solids  of  eeometry,  viz.,  the  cube,  octabedroii, 
find  the  regular  triangular  pyramid  (crystallographicHily  the  tetrahedron)  all  occur  among 
crysuils;  the  regular  pentagonal  dodecaiiedron  and  icosahedron,  on  the  contrary,  are  im- 
pc>ssible  forms.    This  is  true  because  the  ratios  of  their  intercepts  on  the  axes  for  such  forms 

would  be  irrational;  thus  for  the  regular  dodecahedron  the  ratio  would  be  1 :       \.      - 

There  are.  it  is  true,  two  forms  respectively  twelve-sided  and  twenty-sided  which  approx- 
imate to  these  regular  solids,  but  their  faces  in  the  first  case  are  not  all  regular  pentagons, 
and  in  the  second  they  are  not  all  regular  triangles.  In  the  latter  case  it  will  be  seen  that 
the  twenty  faces  iu  fact  belong  to  two  distinct  forms,  eight  of  one  and  twelve  of  the  other. 

36.  Form. — A  form  in  crystallography  includes  all  the  faces  which 
have  a_  like  position  relative  to  the  planes,  or  axes,  of  symmetry.  The  full 
meaning  of  this  will  be  appreciated  after  a  study  of  the  several 
systems.  It  will  be  seen  that  in  the  most  general  case,  that  of  a 
form  having  the  symbol  (hkl),  whose  planes  meet  the  assumed 
unit  axes  at  unequal  lengths,  there  muse  be  forty-eight  like 
faces  in  the  isometric  system  *  (see  Fig.  101),  twenty-four  in  the 
hexajTonal  (Fig.  201),  sixteen  in  the  tetragonal  (Fig.  166),  eight 
in  the  orthorhombic  (Fig.  57),  four  in  the  monoclinic,  and  two 
in  the  triclinic.  In  the  first  four  systems  the  faces  named  yield 
an  enclosed  solid,  and  hence  the  form  is  called  a  closed  form;  in 
the  remaining  two  systems  this  is  not  true,  and  such  forms  in  these 
and  other  caset}  are  called  open  forrns.  Fig.  275  shows  a  crystal 
bounded  by  three  pairs  of  unlike  faces;  each  pair  is  hence 
an  open  form.     Figs.  58-61  show  open  forms. 

The  unit  or  fundamenfal  form  is  one  where  parameters  correspond  to  the 
assumed  unit  lengths  of  the  axes.  Fig.  57  shows  the  unit  pyramid  of  sulphur 
whose  symbol  is  (111);  it  has  eight  similar  faces,  the  position  of  which  deter- 
mines the  ratio  of  the  axes  given  in  Art.  33. 

*  The  normal  group  is  referred  to  in  each  case. 
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The  forms  in  the  isometric  system  have  special  individual  names,  given  later.  In  ths 
other  systems  certain  general  names  are  employed  which  may  be  briefly  mentioned  here. 
A  form  whose  faces  are  parallel  to  two  of  the  axes  *  is  called  a  pinacaid  (from  niva^,  a 
boai-d,  il  is  shown  in  Fig.  58.  One  whose  faces  are  parallel  to  the  vertical  axis  but  meet 
both  the  lateral  axes  is  called  a  prism,  as  Fig.  59.  If  the  faces  are  parallel  to  one  lateral 
axis  only,  it  is  a  d4nM  (Figs.  ^,  61).  If  the  faces  meet  all  the  axes,  the  form  \%Vk  pyramid 
(Fig.  57);  ti'is  name  is  given  even  if  there  is  only  one  face  belonging  to  the  form. 

lu  Fig.  62,  a  (100),  h  (010).  c  (001)  are  pinacoids;  m(llO),  s  (120)  are  prisms;  d  (101),  also 
h  (Oil),  k  (021)  are  domes;  all  these  are  open  forms.  Finally,  e  (111).  /(121)  are  pyramids, 
aiul  in  this  case  they  are  closed  forms.  The  relation  existing  in  each  of  these  cases  between 
iiie  symbol  and  the  position  of  the  faces  to  the  axes  should  be  carefully  studied. 


Pinacoid. 

Prism. 

(001) 

(JIO) 

(101) 

(A*0) 

(AW) 

Domes. 


(Oil) 
(0«) 


As  shown  in  the  above  cases,  the  symbol  of  a  form  is  usually  Included  in  parentheses, 
as  (111),  (100);  or  it  may  be  fn  brackets  [111]  or  -{  111  }-.  If  the  symbol  is  written  without 
parenthesis,  as  111,  it  usually  refers  to  a  single  face  of  the  form  only.  Note  also  that  with 
the  Miller  symbols,  each  face  of  a  given  form  has  its  own  individual  symbol. 

37.  Zone. — A  zone  includes  a  series  of  faces  on  a  crystal  whose  intersection- 
lines  are  mutually  parallel  to  each  other  and  to  a  common  line  drawn  through 
the  center  of  the  crystal,  called  the  zone-axis.  This  parallelism  means  simply 
that  the  parameters  of  the  given  faces  have  a  constant  ratio  for  two  of  tbe  axes. 
Some  simple  numerical  relation  exists,  in  every  case,  between  all  the  faces  in  a 
zone,  which  is  expressed  by  the  zo7ial  equation.  The  faces  a,  m,  s,  b  (Fig.  62) 
are  in  a  zone;  also,  h,  k,  //,  c,  etc. 

If  a  face  of  a  crystal  falls  simultaneously  in  two  zones,  it  follows  that  its 
symbol  is  fixed  and  can  be  determined  from  the  two  zonal  equations,  without 
the  measurement  of  angles.  Further,  it  can  be  proved  that  the  face  cor- 
responding to  the  intersection  of  two  zones  is  always  a  possible  crystal  face, 
that  is,  one  having  rational  values  for  the  indices  which  define  its  position. 

In  many  cases  the  zonal  relation  is  obvious  at  sight,  but  it  can  always  be 
determined,  as  shown  in  Arts.  43,  44,  by  an  easy  calculation. 

Illustratioos  will  be  given  after  the  methods  of  represent iog  a  crystal  by  horizontal  and 
spherical  projections  have  been  explained. 

38.  Horizontal  Projections. — In  addition  to  the  usual  perspective  figures  of 
crystals,  projections  on  the  basal  plane  (or  more  generally  the  plane  normal 
to  the  prismatic  zone)  are  very  conveniently  used.  These  give  in  fact  a  map 
of  the  crystal  as  viewed  from  above  looking  in  the  direction  of  the  axis  of 
the  prismatic  zone.  Figs.  30,32,  34  give  simple  examples;  also  Fig.  63  a 
projection  of  Fig.  62,  both  repeated  from  p.  16.  In  these  the  successive 
faces  may  be    indicated    by  accents,   as  in  Fig.   63,  passing  around  in  th€ 

*  In  the  tetragonal  system  the  form  (100)  is,  however,  called  a  prism  and  (101)  a 
pyramid. 
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direction  of  the  axes  ay  b,  a',  that  is,  counter-clockwise, 
tion  of  these  projections  see  the 
Appendix  A. 

39.  Spherical  Projections. — 
The  study  of  actual  crystals, 
particularly  as  regards  the 
angular  and  zonal  relations  of 
their  faces,  is  much  facilitated 
by  the  use  of  the  spherical  pro- 


On  the  construc- 
63. 


jection.    In  this  the  position  of   Nat — - — VTV/       «"^  e* 
each  face  is  represented  by  a      v\ \}^  >>, 


r^ 


point  called  its  pole,  where  a 
normal  drawn  to  it  from  the  center  and  produced  meets  the  surface  of  the 
sphere.  The  symbols  after  Miller  are  immediately  connected  with  this  pro- 
jection, and  by  means  of  it  all  ordinary  calculations  can  be  performed  in  a 
very  simple  manner.  Fig.  65  shows  a  spherical  projection  of  the  orthorhom- 
bic  crystal.  Fig.  62. 

If  tbe  center  of  a  crystal,  that  is,  the  point  of  intersection  of  the  crystallographic  axes, 
be  Uiken  as  the  center  of  a  sphere,  and  normals  be  drawn  from  it  to  ihe  successive 

faces  of  the  crystal,  the  points,  where .ihey 
meet  the  surface  of  the  sphere,  will  be,  us 
before  defined,  the  poles  of  the  n-speciive 
faces.  For  example,  in  Fi^.  64,  the  com- 
mon center  of  the  crystal  nnd  sphere  is  at  O, 
the  normal  to  the  face  b  meets  the  surface 
of  the  sphere  at  B,  of  b'  at  B',  of  d  and  e 
at  D  and  E  respectively,  nnd  so  on.  Thes<' 
poles  evidently  determine  the  position  of 
the  face  in  eacii  case. 

_  It  is  ubviouB  that  the  pole  of  the  face  b' 
(010)  opposite  b  (010)  will  be  at  ilie  opposite 
extn  mity  of  the  diameter  of  the  sphere,  and 
so  in  general  for  (120)  and  (120),  etc.  It 
is  seen  also  that  all  the  poles,  or  normal 
points,  of  faces  in  the  same  soTie,  that  is, 
faces  whose  in lersection -lines  are  parallel, 
are  in  the  same  grea?  circle,  for  instance 
7? (010).  i>(110),  ^(100),i?(110).  and  so  on. 
It  is  customary  in  the  use  of  Ihe  sphen; 
to  regard  it  as  projected  upon  a  horizontal 
plane,  usually  that  normal  to  the  prismatic 
zone,  so  that,  ns  in  Fig.  65.  the  poles  of  the 
prismatic  faces  lie  in  the  circumference  of 
the  circle,  and  those  of  the  other  faces  with- 
in it.  The  eye  being  supposed  to  be  situated 
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ai  the  opposite  extremity  of  the  diameter  of  the  sphere  normal  to  this  plane,  the  great  circles 
laeii  appear  either  as  arc^  of  circles,  or  as  straight  lines,  t  <?.,  diameters. 

It  will  be  further  obvious  from  Fig.  64  that  the  arc  BD,  between  the  poles  of  b  and  d, 
lOKiisures  an  angle  at  the  center  (BOD),  which  is  the  supplement  of  the  actual  interior  angle 
c'flw/  between  the  two  faces ;  and  this  is  true  in  general. 

40.  Constnietioii  of  the  Spherioal  Projection. —Si nee  in  the  method  ordinarily  followed  the 
l>oles  of  the  prismatic  faces  lie  in  the  circumference  of  the  circle,  their  position  is  fixed  at 
once  by  the  angles  laid  off,  e.g.  from  100,  with  a  protractor.  Further,  the  distances  of  the 
l^lesof  all  faces  measured  from  the  center  of  the  circle  (which,  when  the  vertical  axis  is 
a'  right  angles  to  those  in  the  lateral  plane,  is  the  pole  of  the  base  001)  are  proiwrtional  to 
the  tangents  cffialf  the  angles.  For  example,  to  construct  the  spherical  projection  of  Fig. 
6v.  first  draw  the  circle,  and  lay  off  on  the  circumference,  from  a  po  nt  taken  as  100,  the 
iin«,Milar  distances  characteristic  of  this  species  (chrysolite): 

am.  100  A  110  =  24'  58';        as,  100  A  120  =  42*  58';        a&,  100  A  010  =  90°. 
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The  position  of  Ihe  poles  of  the  faces  a  (100).  m  (110),  « (120),  6  (010)  are  thus  fixed.    Tbe 
poles  of  the  other  faces  of  these  forms  are  obviously  fixed,  of,  m\  s\  b\  m",  «",  f»'",  «  ",  hv 
gt  the  symmetry.     Again,   to   find   ih't 

^^'  pole  of  d  (101),    which   lies  on    iLe 

great  circle,  or  zoue,  a  (100).  c  (001 1. 
o'  (100)  (for  which  *  =  0) :  since  c 
(001)  A  d  (101)  =  Sr  Sy.  the  distauce 
ed  is  proportional  to  the  tangent  of 
J(5r  38)  or  25**  461'.  that  is,  0.4^  of 
the  radius  ea,  Similaily  for  A  (Oil) 
and  *  (021)  on  the  zoue-circle  e  (001). 
b  (010).  since  ch  (001  a  Oil)  =  30*  23^' 
and  ck  (001  A  021)  =  49'  83'.  the  dij^ 
ttinces  are  proportionu]  lo  the  tangents 
of  half  these  angles  res^pectively.  So 
0106  ftlso  from  the  angles  ce  (001  a  111)  = 
64'  15'  and  ef  (001  a  121)  =  59"  m 
the  distances  on  the  corresponding 
zone-circles,  c  (001)  m  (llOj  and  <• 
(001)  M  (130),  may  be  determined.  Id  * 
practice,  however,  these  last  f^teps  are 
unnecessary  ;  since  if  the  circular  arc 
through  b  (010),  d  (101),  V  (010)  h 
drawn,  it  ^ves  the  zone-circle  for  all 
the  faces  for  which  h  =  l\  siniiiaiiv 
that  through  a  (100),  h  (Oil),  a'  (100) 
give  the  zone  circle  for  tne  planes  for 
which  A;  =  i,  while  that  through  a 
(100),  k  (021),  a'  (100)  gives  the  zone-circle  for  the  planes  having  A;  =  2i.  The  intersection- 
points  between  these  last  arcs  and  that  first  draw^n  fixes  the  positions  of  0  (111),/ (121). 
each  of  which  satisfies  the  two  relations.  Further,  through  these  same  points  must  (mlss 
the  zone-circle  e  (001),  m  (110),  for  which  A  =  A,  and  c  (001),  b  (120),  for  which  A:  =  2/<,  thus 
giving  a  check  upon  the  accuracy  of  the  work. 

It  is  obvious  from  the  above  explanation  that  the  position  of  any  face,  as  431,  is  fixed  by 
the  intersection  of  either  two  of  the  three  zone- circles 

100,  031,  100       010,  401,  010       001,  480,  001. 

In  general  any  face,  JiH,  roust  lie  in  the  three  zone-circles 

100.  OA^,  100,        010,  AO/.  010,        001,  AAO,  OOi. 

Some  further  points  in  i-egard  lo  the  construction  of  the  spherical  projection  when  tbe 
axiiil  intersections  are  oblique  are  added  in  Appendix  A. 

41.  Angles  between  Faces. — The  angles  most  conveniently  used  with  the 
Miller  symbols,  and  those  given  in  this  work,  are  the  normal  angles^  tliat 
is,  the  angles  between  the  poles  or  normals  to  the  faces,  measured  on  arcs  of 
great  circles  joining  the  poles  as  shown  on  the  spherical  projection.  These 
normal  angles  are  the  supplements  of  the  actual  interfacial  angles,  as  has  been 
explained. 

The  relations  between  these  normal  angles,  for  example  in  a  given  zone,  is  much  sim]>ler 
than  those  existing  belw^een  the  nctual  interfacial  angles.  Thus  ir  is  always  true  that,  for  a 
series  of  faces  in  tne  same  zone,  the  normal  angle  between  two  end  faces  is  equal  to  the  sum 
of  the  angles  of  faces  falling  between.  Thus  (Figs.  62.  65)  the  normal  angle  of  ab  (10() 
A  010)  is  the  sum  of  am  (100  a  HO),  m»  (110  A  120),  and «ft(l20  a  010).  This  relation  holds 
true  in  all  the  systems. 

Furthermore,  it  will  be  seen  that,  supposing  aca'  (Fig.  65)  a  plane  of  symmetry  as  in  the 
orthorhombic  system,  the  angle  100  a  HO  or  aw  (Fig.  62),  ishalf  the  angle  110  a  110(fnwj"i 
Similarly  010  A  120  (6«)  is  half  the  angle  120  a  12(}  («/) ;  again,  100  a  HI  (ne)  is  the  com- 
plement of  half  the  angle  111  A  IH  («')and  010  A  HI  (be)  tbe  complenicLtof  half  the  angle 
111  A  111  («"').    ' 

Here,  as  throughoutr  this  work,  the  sign  a  is  used  to  represent  the  angle  between  two 
faces,  usually  designated  by  letters. 
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42,  Use  of  the  Spherical  Projection  to  Exhibit  the  Symmetry.— The  sym- 
metry of  any  one  of  the  crystalline  groups  may  be  readily  exhibited  by  the  help 
{»f  the  spherical  projection,  following  the  notation  introduced  by  Gadolin 
(l:^:l,  see  p.  22V 

The  axes  of  binary,  trigonal,  tetragonal,  hexagonal  symmetry  are  reprefiented 

respectively  by  the  following  signs:  ^  A  ♦  •.  Further,  a  plane  of  symmetry 
i?  represented  by  a  full  line  (zone-circle),  while  a  dotted  line  indicates  that  the 
I  lane  of  symmetry  is  wanting.  The  position  of  the  crystallographic  axes  is 
siiowu  by  arrows  at  the  extremities  of  the  lines.  The  pole  of  a  face  in  the 
upper  hiif  of  the  crystal  (above  the  plane  of  projection)  is  represented  by  a 
(TOas;  one  below  by  a  circle.  If  two  like  faces  fall  in  a  vertical  zone  a  double 
sign  is  used,  a  cross  within  the  circle.  Figs.  69,  1 11, 125,  etc.,  give  illustrations. 
^  43.  General  Eelations  between  Planes  in  the  Same  Zone.-  it  may  be  demon- 
strated that  if  on  a  crystal  two  faces  P  {Jikh  and  R  {p^r)  lie  in  the  same  zone, 
then  the  following  equation  must  hold  good  : 

xxa  cos  XQ  +  yb  cos  YQ  +  v/c  cos  ZQ  =  0, 

where  n  =  ir  —  Zg,        v  z=  Ip  —  hr,        w  =  hq  —  kp. 

The  letters  u,  v,  w  are  called  the  symbol  of  the  zone  or  great  circle  PK. 
Every  face  (xyz)  of  this  zone  must  satisfy  the  equation 

VLX-\-yy  +  wz  =  0. 

If  now  (uvw)  be  the  symbol  of  one  zone,  and  (efg)  of  another  intersecting 
it,  then  the' point  of  intersection  will  always  be  the  pole  of  a  possible  crysttu 
face.  Its  indices  (hkl)  must  obviously  satisfy  two  equations  similar  to  (1). 
These  indices  are  hence  equal  to 

^  =  gv  —  f w,        i  =  ew  —  gu,        if  =  f u  --  ev. 

The  application  of  this  principle  is  extremely  simple,  and  its  importance 
cannot  be  overestimated. 

The  zone-symbols  can  be  always  obtained  by  arranging  the  symbols  of  the  two  faces  in 
order.  TepeaUng  the  first  two  indices  and  then  multiplying  according  to  the  following 
{icheme : 

h       k       I       7i       k 

V  \/  \/ 

p       g       r       p       g 
Hence  vL  =  kr-  Ig;       v^lp-Iir;       w  =z  ?ig  —  kp, 

44.  »*y"»pi—  of  Zones  and  Zonal  Relations.— The  following  are  oises  in  which  the  zonal 
equation  is  seen  at  once.  In  Fig.  62.  p.  27,  the  faces  a  (100),  m  (110).  a  (120),  b  (010),  form 
a  vertical  zone  with  mutually  parallel  iutersoclions,  since  they  ai-e  alike  in  position  in  so  far 
us  this:  that  they  are  all  parallel  to  the  vertical  axis ;  that  is,  for  all  faces  in  this  zone  it 
ttust  be  true  that  I  =  0.  ,  ,^  ,    .  

A?ain  the  faces  a  (100),  d  (101),  c  (001)  are  in  zone,  all  beinc:  parallel  to  a  lateral  axis  b: 
Leiioe  for  them  and  all  others  in  this  zone  k  =  0  Also  b  (010),  k  (021),  /*  (Oil),  c  (001)  are 
in  a  zone,  all  bein?  parallel  to  the  axis  d,  so  that  /i  =  0.  . 

Also  the  fatts  r*(121).  e  (111),  d  (101),  «"'  (111)./' '  (121)  are  in  a  zone,  since  they  have  a 
common  ratio  fflt  Ihi  axes  a  :  e     With  them,  obviously,  h  =  I. 

The  faces  e  (IMI)  «(111).  m  (110)  are  also  in  a  zone,  and  again  c  (001),  /(121),  «  (120). 
though  intersedlyiis  do  not  happen  to  be  nuide  between  c  and  e  in  tlie  one  case,  and  c  and 
/in  the  other.  1  'nr  each  of  these  zones  it  is  true  thnt  there  is  a  common  ratio  of  the  latenil 
axes,  that  is.  of  I  to  k  in  the  symbols.  For  the  first  it  may  be  shown  that  A  =  A;;  for  the 
stcond,  that  2hz^  k 
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All  the  relations  named  may  be  obtained  at  once  from  the  aboye  scheme.  For  ezampje, 
for  the  faces  s  (130)  and/(121)  the  scheme  gives 

12       0       13 

u  =  3,        v  =  I,        w  =  0;  r.2h''k  =  0,OT2h  =  k. 

The  symbol  of  a  face  lylnff  at  once  in  two  zones,  as  stated  above,  must  satisfy  the  zod; 
equation  of  each ;  these  symbols  are  heuce  easily  obtained  either  by  combining  the  equi. 
tioDS  or  by  a  scheme  of  multiplication  like  tbat  given  above. 

For  example,  in  Fig.  66,  of  sulphur,  tbe  face  lettered  x  is  in  the  zone  (1)  with  b  (OlO)  &i:<; 
9  (118),  also  in  zone  (2)  with  p  (111)  and  n  (Oil).    These  zones  give,  respectively : 


(1)     0       1        0       0        1 

.    XXX 

11        8        1        1 
.801 

U  =  8,      V  ar  0,      W  =  i. 

Hence  for  (1)  tbe  zonal  equation  is  8A  =  2  ;  for  (2)  A;  =  /. 
bining  these,  we  obtain  A=-l,  A:  =  3,  ^  —  8. 
The  symbol  of  the  face  x  is,  therefore,  183. 
_The  same  result  is  given  by  muliiplyins:  tbe  zonal  indices  Oil, 
801,  together  after  the  same  method,  thus : 

0       i       1       0       i 

XXX 


(2)     1        1        1        1        1 


,  =  0,   /=i.    g  =  l. 


Com- 


S 


1     T 


Sulphur. 


3        3 


Hence,  again,  x  =  188. 


This  method  of  calculation  belongs  to  all  the  different  systems.  In  the  hexngonal 
system,  in  which  there  are  four  indices,  one  of  the  three  referring  to  the  lateral  axes  (usu- 
ally the  third)  is  omitted  when  the  zonal  relations  ure  applied.     8ee  Art.  160. 

46.  Methods  of  Calcnlation. — In  general  the  angles  between  the  poles  can  be 
calculated  by  the  methods  of  spherical  trigonometry  from  the  triangles  shown 
in  the  sphere  of  projection  (Fig.  65) — wliich  for  the  most  part  are  right- 
angled.  Certain  fundamental  relations  connect  the  axes  with  the  elemental 
angles  of  the  projection  ;  the  most  important  of  these  are  given  under  tlie 
individual  systems.     Some  general  relations  only  are  explained  here. 

46.  Belation  between  the  Indices  of  a  Plane  and  the  Angle  made  by  it  with 
the  Axes. — When  the  assumed  axes  are  at  right  angles  to  each  other  they  coin- 
cide with  the  normals  to  the  pinacoid  faces  (100, 
010,  001),  and  consequently  meet  the  spherical 
surface  at  their  poles.  When  the  axial  angles  are 
not  90°,  this  is  no  longer  true.  In  all  cases,  how- 
ever, the  following  relation  holds  good  between  the 
cosines  of  the  angles  made  by  a  plane,  HKL,  with 
the  axes : 


§|  =  co8PX; 


§1  =  008  PY; 

This  is  equivalent  to 


2p_ 


OL 


=  C08  PZ. 


^  cos  PX  =  J  cos  PY  =  J  cos  PZ. 
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This  equation  is  fundamental^  and  several  of  the  relations  given  beyond  are 
deduced  from  it. 

The  most  useful  application  is  that  when  the  axial  anjzles  are  00**;  then  X,  Y,  Z  are  the 
poles  of  100,  010,  001,  respectively.    Also  if  the  plane  HkL  is  taken  as  a  face  of  the  unit 
pyramid,  that  is,  if  its  intercepts  on  the  axes  are  taken  as  the  unit  lengths 
OH  =  a,        OK  =  6,        OL  =  c. 

Then  the  lines  HE,  HL.  KL  give  also  the  intersections  of  the  planes  110,  101,  Oil  on 
tlie  three  axial  planes,  and  their  Miles  are  hence  at  the  points  fixed  by  normals  to  these 
lines  drawn  from  O.  It  will  be  o)?vious  from  this  figure,  then,  that  the  following  relations 
hold  true : 


tan  (100 


These  values  are  often  used  later. 

47.  Cotangent  and  Tangent  Belations. — If  the  angles  between  the  poles  of 
three  faces  in  a  zone  are  known,  the  angle  between  any  one  of  them  and  the 
pole  of  a  fourth  face  can  be  calculated  by  a  formula  called  the  cotange?it  for- 
hiula.  Convereely,  if  the  angular  position  of  this  fourth  face  is  given,  the  ratio 
of  its  indices  can  be  calculated. 

Let  P.  Q.  S.  R  be  the  poles  of  four  faces  in  a  zone,  taken  in  such  an  order*  that  PQ 
<  PR,  and  let  the  indices  of  these  faces  be  respectively  ; 

P         Q  R  S 

hkl      pqr       i/w«       xyz 
Then  it  may  be  proved  that 

cot  PS  -  cot  PR _  (P.Q)     (S.R) 
cotPQ-cot'PR^CQ.U)  '  (P.S)  • 

when.  (RQ)       >fer-^^iP^:ir^^^ 

(Q  R)      2'^  —  ^'0      ru  —  pu>      pv  —  qu 


(8  R)  ^wy  —  ev  _  zu  —  xw  _xv  —  yu 
(P  8)  ~  kz-  ly  "  U-7iz  ""  hy  -  kx' 

If  one  of  these  fractions  reduces  to  au  indeterminate  form,  —,  then  one  of 

ibi'  others  must  be  taken  in  its  place. 

This  formula  is  chiefly  used  in  ihe  monoclinic  and  tnclinic  systems ;  and  some  special 
(use-  are  referred  to  under  these  systenis. 

The  cotangent  relution  becomes  much  simplified  for  a  rectangular  zone,  that  is,  a  zofie 
between  a  pinacoid  and  a  face  in  the  zone  of  tlie  othur  pinacoids  at  right  angles  to  it.  Thus 
i'  P/i,  P6,  Pc,  Qa,  Q6,  Qc  represent  respectively  the  angles  between  two  faces  in  the  same 
winugular  zone,  viz.,  P  (hkl)  and  Q  (pqr)  and  the  pinacoids  a  (100),  b  (010).  c  (010),  the 
follow mg  relations  hold  good : 

h  tan  Pa  __  ^  _[, 
p  *  tan  Qa  ""  q^  r* 
h        k  tnn  P6      I 


p 

q  tan  Q6      r' 

h 

k      I     tan  Pc 

p 

q~'  r'  tnn  Qc' 

*  In  the  application  of  this  principle  it  is  essential  that  the  planes  should  be  taken  in  the 
proper  order,  as  shown  above;  to  accomplish  this  it  is  often  necessary  to  use  the  indices 
and  conesponding  angles,  not  of  {jM),  but  the  fnce  opposite  (A^O.  etc. 
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As  a  furtlier  simplification  of  the  above  equations  for  the  case  of  prismatic  planes  A^ 
JUidpgO,  or  domes  hOl  and  fOr  or  Okl  and  Oqr,  between  two  pinacoid  planes»  we  have 


tan  (100  A  hk^)       k 

P. 

tan(100AP^)"~  h 
tan  (001  A  hOl)  _  h 

r 

tan(OOlApOr)  ^' 
tan  (001  A  OA^      k 

r 

tan  (001  A  0^)  ""  i  ' 

2" 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  pris- 
maiic  plane  or  dome. 

The  most  common  and  important  application  of  this  tangent  principle  is  where  the 
positions  of  the  unit  faces  110,  101,  Oil  are  known,  then  the  relation  becomes 

tan  (100  A  hW)  _  k  tan  (010  a  7M)  __  ^ 

tan  (100  A  HO)       A'  ^'     ton  (010  a  HO)  "  *' 

ten  (001  A  7iOl)  _  h  ton  (001  a  Okl)  _  k 

^^'                            ton  (001  A  ion  ■"  V  ton  (001  A  OH)  ~  V 

Thus  the-tongeuts  of  angles  between  the  base,  001,  and  102,  208,  S03,  201,  etc.,  are 
respectively  \,  f,  {,  2  times  ihe  ton  gent  of  the  angle  between  001  and  101.    Again,  the 

tongent  of  the  angle  100  A  120  is  twice  the  tangent  of  100  A  HO  [here  t  =:  2],  and  one- 
half  the  tangent  of  010  a  HO 

48.  Formnlas  for  Spharioal  Triangles.— For  convenience,  some  of  the  more  important 
formulas  for  the  solution  of  spherical  triangles  are  here  added. 

In  right-angled  spherical  triangles  C  =  90'. 


•^»-£l- 

ton  h 

„_Una 

A       tan  a 

-^=^*. 

cos  5 
^'^^cosft' 

'--^=^. 

COS/i 

=  COS  a  COS  h. 

COS  A 

=  cot  A  cot  B. 

b  obttque-aBgled  spherical  triangles  familiar  relations  are  as  followst 

(1)  sin  ^  :  sin  J?  =  sin  a  :  sin  5*; 

(2)  cos  a  =  cos  6  cos  c  +  sin  6  sin  e  cos  ^  ; 
(8)  cot  &  sin  e  =  cos  c  cos  ^  +  sin  il  cot  B ; 

(4)  cos  -/I  =  —  cos  5  cos  C+  sin  B  sin  C  cos  a» 

In  calculation  It  is  often  more  convenient  to  use.  instead  of  the  latter  formnlas,  those 
especially  arranged  for  logarithms,  which  will  be  found  in  any  of  the  many  books  devoteii 
to  mathematical  formulas. 
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L  ISOMETRIC  SYSTEM. 

49.  Thb  Isometric  System  embraces  all  the  forma  which  are  referred  to 
three  equal  axes  at  right  angles  to  each  other.  Each  of  these  axes  is  designated 
by  the  letter  a.  , 

There  are  five  groups  here  included,  of  which  the  normal  group,*  possessing 
the  hiprhest  degree  of  symmetry  for  the  system  and,  indeed,  lor  all  crystals,  is 
l.yfarthe  most  important.  Two  of  the  other  groups,  the  pyritoheUral  and 
letrahedral  groups,  also  have  numerous  representatives  among  minerals. 

1.  NORMAL  GROUP  (1).  GALENA  TYPE. 

50.  Symmetry.— Of  each  of  the  types  of  solids  enumerated  in  the  following 
table,  as  belonging  to  this  group,  as  of  all  their  combinations,  it  is  true  f  that 
there  are  three  like  principal  planes  of  symmetry,  whose  intersections  fix  the 
position  of  the  crystallographic  axes  (see  Fig.  12,  p.  9).  There  are  also  six 
Either  auxiliary  planes  of  symmetry  ;  these  are  situated  diagonally  to  the  others, 
each  two  equally  inclined  (45°)  to  the  adjacent  planes  of  chief  symmetry,  that 
ii,  to  the  axial  planes. 

Further,  the  crystals  of  this  group  have  three  principal  axes  of  tetragonal 
symmetry,  the  cubic  or  crystallographic  axes  ;  four  axes  of  trigonal  symmetry, 
t'iie  octahedral  axes  ;  six  axes  of  binary  svrametry,  the  dodecahedral  axes  (see 
Art.  16,  also  the  following  paragraph),  "these  axes  are  shown  in  Figs.  1?,  18, 
10,  p.  10. 

The  accompanying  spherical  projection  (Fig.  69),  constructed  in  accordance 
witii  the  principles  explained  in  Art.  42,  shows  the 
<i:?tritjntion  of  the  faces  of  the  general  form,  hkly 
ai.ii  lieuce  represents  clearly  the  symmetry  of  the 
jriJiip.  Compare  also  the  projection  given  later, 
Fi-  ILO,  p.  41. 

51.  Forms. — The  various  possible  forms  belong- 
ir.,'  to  this  group,  and  possessing  the  symmetry 
'  'tilled,  may  be  grouped  under  seven  types  of  solids. 
i  Uf.se  are  enumerated  in  the  following  table,  com- 
n.eueing  with  the  most  simple.  The  symbols  are 
^'-ven  in  accordance  with  both  the  systems  of  Miller 
iiinJ  Xaiimann ;  also  the  full  expression  showing  the 
iTeneral  position  of  the  planes  with  relation  to  the 
axes.  The  last,  however,  are  reduced  to  the  form, 
< '>rresponding  to  (3)  in  Art.  34,  which  shows  how  the  Naumann  symbols  are 
•ierived. 

*  li  ia  called  normal^  as  before  stated,  since  it  is  the  most  common  and  hence  by  far  the 
y^\  important  groap  iimler  the  system  ;  also,  more  fundamentally,  because  llie  forms  here 
yicluiWd  possess  the  highest  grade  of  symmetry  possible  in  the  system.  There  are  five 
forms  iu  Ibis  system,  each  geometrically  a  cube,  but  only  that  of  this  normal  group  actually 
>>-i>  the  full  symmetry  as  regards  molecular  structure  which  its  geometrical  shape  suggests. 
If  a  crystal  is  said  to  belong  to  the  isometric  system,  without  further  qualification,  it  is  to 
*»e  understood  that  it  is  included  here.  Similar  remarks  apply  to  th-  normal  groups  of  the 
oiher  systems. 

^  The  symmetry  of  the  normal  groups  of  the  different  systenu  has  been  already  briefly 
explained  in  Art.  «5. 
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Miller. 

1.  Cube • (100)  a:ooa:ooa 

2.  Octahedron (Ill)  a:a  :a 

3.  Dodecahedron (110)  aiaicoa 

4.  Tetrahezahedron {hkO)  ainaiona 


Naumaon 

OD  0»  or  i-i 

OoT  1 

00  0  or  / 
00  On  or  <-'i 


mO  or  vi 
mOm  or  w- 1 
mOn  orm-i 


as,  (310)  1-3;  (210)  {-2;  (320)  t-},  etc 

6.  Trisoctahedron (hhl)        a: a: ma 

as,  (331)  3;  (221)  2;  (332)  f,  etc. 

6.  Trapezohedron (Jill)         a  \  ma:  ma 

as,  (311)  3-3;  (211)  2-2;  (322)  f^,  etc. 

7.  HexoctahedroQ {hkl)        a:na  :  ma 

as,  (421)4-2;  (321)  3-f  etc. 

In  the  general  ezpreasion  of  Miller's  symbols,  h>  k>  I,  In  those  of  Naumann,  m  >  1 

Attention  is  called  to  the  letters  uniformly  used  in  this  work  and  in  Dana*s  System  c 
Mineralogy  (1892)  to  designate  certain  of  the  isometric  forms.*    They  are : 

Cube:  a. 

Octahedron:  o. 

Dodecahedron :  d. 

Tetrahexahedrons :  e  =  2t0,  ft-2  ;   /=  310,  t-8 ;    g  =  320,  f-f;    h  =  410,  i4. 

TrisocUibedrons:  p  =  221,  2;    y  =  881.3;    r  =  882,  f-    p  =  441,  4. 

Twpezohedrons :  to  =  811,  8-3 ;     »  =  211,  2-2;    fi  =  Z2i,  H- 

Hexoctahedrons :    9  =  821,  8-}  ;    <  =  421,  4-2. 

62.  Cube. — The  cube,  whose  general  symbol  is  (100),  is  shown  in  Fig.  ?" 
It  is  bounded  by  six  similar  faces,  each  piinillel  to  two  of  the  axes.    Eaeli  f:i  - 
is  a  square,  and  the  interfacial  angles  are  all  90**.     The  faces  of  the  cube  :i: 
parallel  to  the  principal  or  axial  planes  of  symmetry.     The  lines  joinini:  n 
opposite  solid  angles  of  the  en  be  are  called  the  octahedral  or  trigonal  ii.i' 
axes  ;  those  joining  the  middle  points  of  opposite  edges  are  the  dodecalitM; 
interaxes  (see  Figs.  17,  18,  p.  10). 

63.  Octahedron. — The  octahedron,  shown  in  Fig.  71,  has  the  general  sym: 
(111).     It  is  bounded  by  eight  similar  faces,  each  meeting  the  three  axes  ai 

70.  71.  72. 


^^^^ 

,001 

^^^ 

100 

^.-^ 

010 

^'' 



equal  distances.    Each  face  is  an  equilateral  triangle  with  plane  angles  of  G.' 
The  normal  interfacial  angle,  (111  A  111),  is  70°  31'  44". 

64.  Dodecahedron. — The  rhombic  dodecahedron,  shown  in  Fig.  72,  has  t: 
general  symbol  (110).    It  is  bounded  by  twelve  faces,  each  of  which  meets  tw 

*  The  usage  followed  here  (as  also  in  the  other  systems)  is  in  most  cases  that  of  Mill'  r 
(1852). 
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i  the  axes  at  equal  distances  and  is  parallel  to  the  third  axis.  Bach  face  is  a 
hoinb  with  plane  angles  of  70|°  and  109^°.  The  real  or  interior  interf  acial  angle 
)  120^  or  the  angle  between  two  adjacent  poles,  that  is,  the  normal  interfacial 
ngle,  is  60°.  The  faces  of  the  dodecahedron  are  parallel  to  the  six  auxiliary, 
r  uiagonal,  planes  of  symmetry. 

It  will  be  remembered  that,  while  the  forms  described  are  designated  re- 
lectively  by  the  symbols  (100),  (111),  and  (110),  each  face  of  any  one  of  the 
jriiis  has  its  own  symbol.    Thus  for  the  cube  the  six  faces  have  the  symbols 

100,    010,     001,     100,    OlO,    OOl. 
For  the  octahedron  the  symbols  of  the  eight  face?  are  : 

Above  111,    ill,    ill,    ill; 
Below  lli,    ili.    III,    HI. 

For  the  dodecahedron,  the  symbols  of  the  twelve  faces  are  : 

110,  iio,  iio,  lio, 
101,  loi,  lol,  loi, 
oil,   oil,   oil,    oii. 

These  should  be  carefully  studied  with  reference  to  the  figures  (and  to 
n^'lels),  and  also  to  the  spherical  projection  (Fig.  110).  The  student  should 
>(oiue  thoroughly  familiar  with  these  individual  symbols  and  the  relations  to 
ii'^  axes  which  they  express,  so  that  he  can  giye  at  once  the  symbol  of  any  face 
•-'luired. 

55.  Combinatioiui  of  the  Cube,  Octahedron,  and  Dodecahedron.~Figs.  73, 74, 
i'  represent  combinations  of  the  cube  and  octahedron  ;  Figs.  76,  79,  of  the 
•  '!»e  and  dodecahedron  ;  Figs.  77,  78,  of  the  octahedron  and  dodecahedron  ; 
Siially,  Figs.  80, 81  show  combinations  of  the  three  forms.    The  predominating 


73. 


74. 


76. 


a  a 


form,  as  the  cube  in  Fig.  73,  the  octahedron  in  Fig  75,  etc.,  is  usuclly  said  to 
k'  modified  by  the  faces  of  the  other  forms.  In  Fig.  74  the  cube  and  octa- 
lif^'iron  are  said  to  be  "in  equilibrium,"  since  the  faces  of  the  octahedron  meet 
at  t:;e  middle  points  of  the  edges  of  the  cube. 

It  should  be  carefully  noticed,  further,  that  the  octahedral  faces  replace 

^lif^  solid  angles  of  the  cube,  as  regular  triangles  equally  inclined  to  the  adiacent 

'  fe  faces,  as  shown  in  Fig.  73.    Again,  the  square  cubic  faces  replace  the  six 

' 'lid  angles  of  the  octahedron,  being  equally  inclined  to  the  adjacent  octahe- 

tiril  faces  (Fig.  75).    The  faces  of  the  dodecahedron  truncate  *  the  twelve 

*  The  words  truncate,  truncation,  are  used  only  when  the  modifying  face  makes  equal 
sLgles  with  the  adjacent  similar  faces. 
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similar  edges  of  the  cube,  as  shown  in  Fig.  79.  They  also  truncate  the  twelve 
edges  of  the  octahedron  (Fis.  77).  Further,  in  Fig.  76  the  cubic  faces  replace 
the  six  tetrahedral  solid  angles  of  the  dodecahedron,  while  the  octahedral  faces 
replace  its  eight  trihedral  solid  angles  (Fig.  78). 

76.  77.  78. 


79. 


^ 


x: 


[^ 


The  normal  interfacial  angles  ior  adjacent  faces  are  as  follows  : 
Cube  on  octahedron,  ao,  100  a  111  =  54**  44'  8". 

Cube  on  dodecahedron,  ad,  100  a  110  =  45**    0'  0". 

Octahedron  on  dodecahedron,  od,  111  A  110  =  35**  15'  52". 

66.  As  explained  in  Art.  18,  actual  crystals  always  deviate  more  or  less  widely 
from  the  ideal  solids  figured,  in  conFequence  of  the  unequal  development  of  lilie  f.ices. 
Such  crystals,  therefore,  do  not  satisfy  the  geometrical  definition  of  right  symmetry  rela- 
tively to  the  three  principal  and  the  six  auxiliary  planes  mentioned  on  p.  83,  but  they  do 
conform  to  the  conaitions  of  crystallogmphic  symmetry,  requiring  like  angular  position  for 
similar  faces.  Again,  it  will  be  noted  that  in  a  combination  form  many  of  the  faces  <lo  n*); 
actually  meet  the  axes  within  tho  crystal,  as,  for  example,  the  octahedral  face  o  in  Fi?.  73. 
It  is  still  true,  however,  that  this  face  would  meet  the  axes  at  equal  distances  if  produced; 
and  since  the  axial  ratio  is  the  essential  point  in  the  case  of  each  form,  and  the  actU'il 
Ungths  of  the  axes  are  of  no  importance,  it  is  not  nece^Kiry  that  the  faces  of  the  differs 
formsi  n  a  crystal  should  be  referred  to  the  same  actual  nxial  lengths.  The  above  remark* 
will  be  seen  to  apply  also  to  all  the  other  forms  and  combinations  of  forms  described  in  ibf 
pages  following. 

57.  Tetrahezahedron. — The  tetrahexahedron  (Figs.  82,  83,  84)  is  bounded 
by  twenty-four  faces,  each  of  which  is  an  isosceles  triangle.  Pour  of  thesf 
faces  together  occupy  the  position  of  one  face  of  the  cube  (hexahedron)  wIieiH^ 
the  name  commonly  applied  to  this  form.  The  general  symbol  is  (A/*<'i. 
hence  each  face  is  parallel  to  one  of  the  axes  while  it  meets  the  other  two  axes 
at  unequal  distances.  There  are  two  kinds  of  edges,  lettered  A  and  C  in  Fijr. 
82  ;  the  interfacial  angle  of  either  edge  is  suflBcient  to  determine  the  symbol 
of  a  given  form  (see  below).  The  angles  of  some  of  the  common  forms  are 
given  on  a  later  page  (p.  42). 
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There  may  be  an  indefinite  number  of  tetrahexahedrons,  as  the  ratio  of  the 
itercepts  of  the  two  axes,  and  hence  of  h  to  k  varies  ;  for  example,  (410), 
3U»),  (210),  (320),  etc.  The  form  ('^10)  is  shown  in  Fig.  82  ;  (410)  in  Fig.  83, 
nd  (530)  in  Fig.  84.  All  the  tetrahexanedrons  fall  in  a  zone  with  a  cubic  face 
nd  a  dodecahedral  face.    As  h  increases  relatively  to  k  the  form  approaches 


82. 


83. 


the  cabe  (in  which  A  :  ^  =  oo  •  1  or  1 : 0),  while  as  it  diminishes  and  becomes 
more  and  more  nearly  equal  to  k  in  value  it  approaches  toward  the  doJeca- 
Ledron ;  for  which  A  =  jfc.  Compare  Fig.  83  and  Fig,  84;  also  Fig.  110.  Ti>d 
H-ecial  symbols  belonging  to  each  face  of  the  tetrahexahedron  should  be  can  - 
fully  noted. 


86. 


The  faces  of  the  tetrahexabedron  bevel*  the  twelve  similar  edges  of  the 
cube,  as  in  Fig.  85;  they  replace  the  solid  angles  of  the  octahedron  by  four 
Vennclined  on  the  edges  (Fi^.  86),  and  also  the  tetrahedral  solid  angles  of 
tiie  dodecahedron  by  four  faces  inclined  on  the  faces  (Fig.  87). 

58.  Trisoctahedron. — The  trisoctahedron  (Fig.  88).  or,  more  definitely,  the 
tn:ional  trisoctahedron,  is  bounded  by  twenty-four  similar  faces;  each  of  these 
i^  an  isosceles  triangle,  and  three  together  occupy  the  position  of  an  octahedral 
^:i  e,  whence  the  common  name.  Further,  to  distinguish  it  from  the  traj)ezo- 
bo<]ron  or  tetragonal  trisoctahedron,  it  is  sometimes  called  the  trigonal  trisocta- 
;'"'ron.  There  are  two  kinds  of  edges,  lettered  A  and  B  in  Fig.  88,  and  tlio 
interfacial  angle  corresponding  to  either  is  sufficient  for  the  determination  of 
the  special  symbol. 


*  The  word  A«wi  is  used  when  two  like  fnces  replace  the  edge  of  a  form  and  hence  are 
wcllned  at  equal  angles  to  iU  adjacent  similar  faces. 
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The  general  symbol  is  {7M) ;  common  forms  are  (221),  (331),  etc.     Etch 
88.  89.  90. 


GkLlena. 

face  of  the  trisoctahedron  meets  two  of  the  axes  at  a  distance  less  than  uuitv 

and  the  third  at  the  unit  length,  or  (which  is  an  identical 

expression  *)  it  meets  two  of  the  axes  at  the  unit  length 

and  the  third  at  a  distance  greater  than  unity.    The 

symbols  belonging  to  each  face  should  be  carefully  noted. 

The  normal  interfa6ial  angles  for  some  of  the  more 

common  forms  are  given  on  a  later  page. 

69.  Trapezohedron. — The  trapezohedron  f  (Figs.  92, 
93)  is  bounded  by  twenty-four  similar  faces,  each  of  them  a 
quadrilateral  or  trapezium.    It  also  bears  in  appearance  a 
certain  relation  to  the  octahedron,  whence  the  name,  some- 
times employed,  of  tetragonal  trisoctahedron.     There  are  ^  , 
two  kinds  of  edges,  lettered  B  and  C,  in  Fig.  92.     The  ^lena. 
general  symbol  is  Ml;  common  forms  are  (311),  (211),  (322),  etc.     Of  the  faces, 
each  cuts  an  axis  at  a  distance  less  than  unity,  and  the  other  two  at  the  unit 
length,  or  (again,  an  identical  expression)  one  of  them  intersects  an  axis  at  tlie 


92. 


94. 


a  m 


Analcite. 

unit  length  and  the  other  two  at  distances  greater  than  unity.    The  symbols 
belonging  to  each  face  should  be  carefully  noted.    The  normal  interfacial 

•  Since  Ja :  1& :  |<j  =  la :  16 :  2e.  The  student  should  read  again  carefully  the  explana 
lions  in  Art.  84. 

t  It  win  be  seen  later  that  the  name  trapezohedron  is  also  given  to  other  solids  whose 
faces  are  trapeziums,  conspicuously  to  the  tetragonal  trapezohedron  and  the  trigonul 
trapezohedron. 
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njles  for  some  of  the  common  forms  are  given  on  a  later  page.    Another  name 
i)r  this  form  is  icositetrahedron. 

60.  The  combinations  of  these  forms  with  the  cube,  octahedron,  etc.,  should 
e  oarefally  studied.  It  will  be  seen  (Fig.  89)  that  the  faces  of  the  trisocta- 
lelron  replace  the  solid  angles  of  the  cube  as  three  faces  equally  inclined  on 
he  edges.  The  faces  of  the  trapezohedron  appear  as  three  equal  triangles 
qually  inclined  to  the  avLhiQ  faces  (Fig.  94). 

96.  96.  97. 


Spinel 


Magnetite. 


Amalgam. 


Again,  the  faces  of  the  trisoctahedron  bevel  the  edges  of  the  octahedron 
{Fig.  90,  also  Pig  91,  with  p  (221)  and  u  (554) ),  while  those  of  the  trapezo- 
ii-'dron  are  triangles  inclined  to  the  faces  at  the  extremities  of  the  cubic  axes 
(Fig.  98).  Still  again,  the  faces  of  the  trapezohedron  (211)  truncate  the  edges 
'f  the  dodecahedron  (110),  as  shown  in  Fig,  97;  this  can  be  proved  to  follow 
a:  once  from  the  zonal  relations  (Arts.  43,  44),  cf.  also  Fig.  110.  The  position 
I'f  the  faces  of  the  form  (311),  in  combination  with  o,  is  shown  in  Fig.  98;  with 
'  Id  Fig.  99.  Fig.  100  shows  both  the  trisoctahedron  p  (221)  and  the  trapezo- 
hedron »  (211)  with  a,  0,  and  d. 

It  should  be  added  that  the  trapezohedron  n  (211)  is  a  common  form  both 
-'lone  and  in  combination;  m  (311)  is  common  in  combination.     The  trisocta- 
i^rdron  alone  is  rarely  met  with,  though  in  combination  (Figs.  90,  91,  100)  it 
is  not  uncommon. 

81.  Hezoctahedron. — The  hexoctahedron.  Figs.  101, 102,  is  the  general  form 
in  this  system  ;  it  is  bounded  by  forty-eight  similar  faces,  each  of  which  is  a 
^:alene  triangle,  and  each  intersects  the  three  axes  at  unequal  distances.  The 
.eneral  symbol  is  {hkl)\  common  forms  are  (321),  shown  in  Fig.  101,  and 
U'il),  in  Fig.  102.  The  symbols  of  the  individual  faces,  as  shown  in  Fig.  101 
and  more  fully  in  the  projection  (Fig.  110),  should  be  carefully  studied. 
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The  bexoctahedron  has  three  kinds  of  edges  lettered  A,  B,  C  (lonfrer. 
middle,  shorter)  iu  Fig.  102;  the  angles  of  two  of  these  edges  are  needed  to  tis 
the  symbol  unless  the  zonal  relations  can  be  made  use  of.  In  Fig.  104  tJje 
faces  of  the  hexoctahedron  bevel  the  dodecahedral  edges,  and  hence  for  this 


101. 


102. 


103. 


104. 


a                     a 

V   AJ 

Fluorite 

106. 

/^^^f^ 

s. 

k\  r/A> 

N^ 

l\i 

Garnet. 


Copper. 


Gold. 


form  h  =  k-\-l ;  the  form  8  has  the  special  symbol  (321).  The  hexocta- 
hedron alone  is  a  very  rare  form,  but  it  is  seen  in  combination  with  the  cnlje 
(Fig.  103,  fluorite)  as  six  small  faces  replacing  each  solid  angle.  Fig.  104  i3 
common  with  garnet;  Fig.  105  shows  a  combination  observed  in  native  copper 
(y  =  18  •  10  •  5),  and  Fig.  106  with  native  gold  (re  =  18  •  10  •  1).  The  angles 
of  some  common  hexoctahedrons  are  given  on  p.  42, 


107. 


108. 


109. 


Garnet. 


Magnetite. 


Microlite. 


109. 


I  Some  further  examples  of  isometric  forms  are  given  in  Figs.  107,  108, 
In  Fig.  107,  if)  is  the  trapezohedron  (722) ;    C  ia  the  hexoctahedrou 
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(n4  •  63  •  1),  this  last  being  called  a  vicinal  form,  since  it  deviates  but  slightly  in 
angular  position  from  the  simple  form  ordinarily  occurring  (d,  110);  hence 
t'le  complex  indices.  In  Fig.  108,  v  is  the  hexoctahedron  (531).  In  Fig.  109, 
if/^  =  (311),j[>  =  (221),etc. 

I  63.  Pseudo-symmetry  in  the  Isometric  System. — Isometric  forms,  by  develop- 
ment in  the  direction  of  one  of  the  cubic  axes,  simulate  tetragonal  forms. 
31ore  common,  and  of  greater  interest,  are  forms  simulating  those  of 
riiMinbohedral  symmetry  by  extension,  or  flattening,  in  the  direction  of  an 
octahedral  axis.  Both  these  cases  are  illustrated  later.  Conversely,  certain 
rnombohedral  forms  resemble  an  isometric  octahedron  in  angle  and  complex 
twiuning. 

64.  Spherical  Projection. — The  spherical  projection,  Fig.  110,  shows  the 


positions  of  the  poles  of  the  faces  of  the  cube  (100),  octahedron  (111),  and 
dodecahedron  (110);  also  the  tetrahexahedron  (310),  the  trisoctahedron  (221), 
the  trapezohedron  (211),  and  the  hexoctahedron  (321). 

The  student  should  study  this  projection  carefully,  noting  the  symmetry  marked  by  the 
zone-circlea  100.  001.  iOO.  and  100,  010,  100 ;  also  by  110.  001,  110;  110,  001.  110 ;  010,  101, 
010;  010.  101,  010.  Note  further  that  the  faces  of  a  given  form  are  symmetrically  distrib- 
uted about  a  cubic  face,  as  001 ;  a  dodecahednil  face,  as  101 ;  an  octahedral  face,  as  111. 

Note  further  the  symbols  that  belong  to  the  individual  faces  of  each  form,  comparing 
the  projection  with  the  figures  which  precede. 
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Fiually,  note  tlie  prominent  tones  of  planes;  for  example,  the  zone  between  two  cubic 
faces  including  a  dodecahedral  face  and  tlie  faces  of  all  possible  tetrabexatiedrons.  Again, 
the  zones  from  a  cubic  face  (as  001)  through  an  octahedral  face  (as  111)  passing  through  the 
trisoctahedrons,  as  118,  112,  223,  and  the  trapezohedrons  882,  221,  881,  etc.  Also  the  zone 
from  one  dodecahedral  face,  as  110,  to  another,  as  101,  passing  through  321.  211,  812,  etc 
At  the  same  time  compare  these  zones  with  the  same  zones  shown  on  the  figures  alreadj 
described. 

65.  Angles  of  Common  Isometric  Forms.* 

rSTRAHSXAHBDROHS. 


Edge  A 

EdgeC 

Angle  on 

Angle  on 

Cf.  Fig.  82. 

210  A  201,  etc 

J.    210  A  120,  etc. 

a  (100,  ^t) 

<>(111. 1) 

410,  *4 

19    45 

61    55) 

14     2) 

45 

88) 

310,  ^3 

25    50i 

58    17f 

18    26 

48 

6) 

520,  »4 

80    27 

46    28} 

21    48 

41 

22 

210,  i-2 

86    52( 

86    52) 

26    84 

89 

14 

580,  i^f 

42    40 

28      4) 

80    57) 

87 

87 

920,  i^ 

46    11) 

22    87) 

83    41) 

86 

48) 

m,H 

50    12i 

16    15) 

86    52) 

86 

4) 

540,  »-} 

52    25t 

12    40) 

88    39) 

85 

45) 

Tribogtahsdronb. 

Edge  A 

EdgeB 

Angle  on 

Angle  on 

Cf.  Fig.  88. 

^21  A  212,  etc 

.    221  A  221,  etc. 

a(100.«) 

0  (111,  1) 

832,1 

17    204 

50    28) 

50    14) 

10 

1* 

221.2 

27    16 

88    561 

48    11 

15 

47) 

652.  f 

88    ^^ 

81    85) 

47      7) 

19 

28) 

881,3 

87    51* 

26    31) 

46    80) 

22 

0 

772,4 

40    59 

22    50) 

46      7) 

23 

50) 

441,4 

48    20i 

20      2f 

45    52 

25 

14) 

Trapbzohedroni^. 

EdgeB 

EdgeC 

Angle  on 

Angle  on 

Cf.  Fig.  92. 

211  A  211,  etc 

.    211  A  121,  etc. 

a  (100,  «) 

0(111.1) 

411,  4-4 

27    16 

60     0 

19    28) 

85 

15) 

722,  ii 

80    48} 

55    50) 

22      0 

82 

44 

811.  8-3 

85      5) 

50    28) 

25    14) 

29 

29) 

522.  f  1 

40    45 

48    20) 

29    29) 

25 

141 

211.  22 

48  m 

88    33) 

85    15) 

19 

28) 

822.  H 

58      2 

19    45 

48    18) 

11 

25) 

Hrxogtahedronb. 

Edge  A 

EdgeB 

EdgeC 

Angle  on 

'  Angle  on 

Cf.  Fig.  102.       821 

lA 

312,  etc  821 

I  A 

821.  etc.  821  A 

281,  etc.      a  (100,  i-i) 

0  (111.  1) 

421,  4-2 

17 

45t 

35 

12) 

85 

57 

29 

12) 

28      6^ 

18-10-5.  V^l 

19 

12i 

27 

17) 

80 

68 

81 

50) 

25    571 

18101, 18-1 

85 

57t 

5 

88) 

81 

51) 

29 

10) 

85    41i 

581,  5-1 

27 

89J 

19 

27) 

27 

89) 

82 

18) 

28    83t 

821,  3{ 

21 

47J 

81 

0) 

21 

47) 

86 

43 

22    12i 

482,24 

15 

6* 

48 

86) 

15 

6) 

43 

If 

IS    18) 

431,  4-1 

82 

12* 

22 

87) 

15 

56J 

88 

19) 

26     4 

*  A  fuller  list  is  given  In  the  Introduction  to  Dana's  System  of  Mineralogy,  pp.  xz-xziil. 
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2.  PTRITOHEDHAL  GROUP  (2).  PYEITE  TYPE. 


66.  Typical  Forms  and  Symmetry. — The  typical  forms  of  the  pyritohedral 
group  are  the  pyritohedron,  or  pentagonal  dodecahedron,  Figs.  112,  113, 
and  the  diploid,  or  dyakis-dodecahedron.  Pig.  118.  The  symmetry  of 
these  forms,  as  of  the  group  as  a  whole,  is  as  follows:  There  are  hut  three 

planes  of  symmetry;  these  are  parallel  to  the 
cubic  faces  and  coincide  with  the  planes  of  the 
cubic  axes.  The  three  crystallographic  axes  are 
axes  of  binary  symmetry  only;  there  are  also 
four  axes  of  trigonal  symmetry  coinciding  with 
the  octahedral  axes. 

The  spherical  projection  in  Fig.  Ill  shows 
the  distribution  of  the  faces  of  the  general 
form  (Jikl)  and  thus  exhibits  the  symmetry  of 
the  group.  This  should  be  careful^  cpm pared 
with  the  corresponding  projection  (Fig.  69)  for 
the  normal  group,  so  that  the  lower  grade  of 
symmetry  here  present  be  thoroughly  understood. 
In  studying  the  forms  described  and  illustrated 
in  the  following  pages,  this  matter  of  symmetry,  especially  in  relation  to  that 
of  the  normal  group,  should  be  continually  before  tlie  mind. 

It  will  be  observed  that  the  faces  of  both  the  pyritohedron  (Fig.  112)  and 
the  diploid  (Fig.  118)  are  arranged  in  parallel  pairs,  and  on  this  account  these 
forms  have  been  sometimes  called  parallel  hemihedrons.  Further,  those 
authors  who  prefer  to  describe  these  forms  as  cases  of  hemihedrism  call  this 
type  parallel-iaced  hemihedrism  or  pentagonal  hemihedrism. 

67.  Pyritohedron.— The  pyritohedron  (Fig.  112)  is  so  named  because  it  is 
a  typical  form  with  the  common  species,  pyrite.  It  is  a  solid  bounded  by 
twelve  faces,  each  of  which  is  a  pentagon,  but  with  one  edge  (A,  Fig.  112) 
longer  than  the  other  four  similar  edges  (C).  It  is  often  called  a  pentagonal 
dodecahedron,  and  indeed  it  resembles  closely  the  regular  dodecahedron  of 
.^^eometry,  in  which  the  faces  are  regular  pentagons.  This  latter  form  is, 
however,  as  already  noted  (Art.  36),  an  impossible  form  in  crystallography. 


112. 


113. 


114. 


^ 


1^ 


The  general  symbol  is  {hkO)  or  like  that  of  the  tetrahexahedron  of  the 
normal  group.  Hence  each  face  is  parallel  to  one  of  the  axes  and  meets  the 
other  two  axes  at  unequal  distances.  Common  forms  are  (410),  (310),  (210), 
i;>20),  etc.    Besides  the  plus  pyritohedron,  as  (210),  there  is  also  the  comple- 
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mentary  minus  form*  shown  in  Fig.  113;  the  symbol  is  here  (120).  Other 
common  forms  are  (250),  (230),  (130),  etc. 

Tlie  plus  and  minus  pyritohedrons  together  embrace  twenty-four  faces, 
having  the  same  position  as  the  twenty-four  like  faces  of  the  tetrahexahedron 
of  the  normal  gronp. 

68.  CombinatioiiB. — The  faces  of  the  pyritohedron  replace  the  edges  of  the 


116. 


116. 


117. 


cube,  but  make  unequal  angles  with  two  adjacent  cubic  faces;  on  the  other 
hand,  when  the  pyritohedron  is  modified  by  the  cube,  its  faces  truncate  tiie 
longer  edges  of  the  pentagons.     Cf.  Fig.  114. 

Fig.  115  shows  "the  combination  of  the  pyritohedron  and  octahedron,  and 
in  Fig.  116  these  two  forms  are  equally  developed.  The  resulting  combination 
bears  a  close  similarity  to  the  icosahedron,  or  regular  twenty-faced  soliii, 
of  geometry  (see  Art.  36).  Here,  however,  of  the  twenty  faces,  the  eigl.t 
octahedral  are  equilateral  triangles,  the  twelve  others  belonging  to  the  pyrit- 
ohedron are  isosceles  triangles.  Fig.  117  shows  a  number  of  pyritohedrons 
with  the  cube  (a),  namely,  A  (410),  e  (210),  ff  (320),  and  the  minus  form 
/f  (450). 

69.  Diploid. — The  diploid  is  bounded  by  twenty-four  similar  faces,  eaci: 
meeting  the  axes  at  unequal  distances;  its  general  symbol  is  hence  (hkl),  and 
common  forms  are  (321),  (421),  etc.    The  form  (321)  is  shown  in  Fig.  IL^; 


118. 


119. 


120. 


the  symbols  of  its  faces,  as  given,  should  be  carefully  studied.  As  seen  in  the 
figure,  the  faces  are  quadrilaterals  or  trapeziums;  moreover,  they  are  grouped 
in  pairs,  hence  the  common  name  diploid.  It  is  also  called  a  dyakis- 
dodecahedron. 


*The  minus  forms  in  this  and  similar  cases  have  sometimes  distinct  letters,  sometimes 
the  same  as  the  plus  form,  but  distinguished  by  a  subscript  accent,  as  e  (210j  and  e,  (130). 
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The  complementary  minus  form  bears  to  Fig.  118  the  same  relation  as  the 
minus  to  the  plus  pyritohedron.  Its  faces  have  the  symbols  313,  231, 123,  in 
the  front  octant,  and  similarly  with  the  proper  negative  eiffns  in  the  others. 
The  plus  and  minus  forms  together  obviously  embrace  all  the  faces  of  the 
hexoctahedron  of  the  normal  group. 


121. 


123. 


Pyrite. 


Pyrite. 


Pyrite. 


124. 


In  Fig.  119  the  plus  diploid  is  shown  in  combination  with  the  cube. 
Here  the  three  faces  replace  each  of  its  solid  angles.  This  combination  form 
resembles  that  of  Fig.  89,  but  the  three  faces  are  here  unequally  inclined 
upon  two  adjacent  cubic  faces:  Other  combinations  of  the  diploid  with  the 
cube,  octahedron,  and  pyritohedron  are  given  in  Figs.  120  and  121. 

70.  Other  Forms. — If  the  pyritohedral  type  of  symmetry  be  applied  to 
planes  each  parallel  to  two  of  the  axes,  it  is  seen  that  this  symmetry  calls  for 
six  of  these,  and  the  resulting  form  is  obviously  a  cube.     This  cube  cannot  be 

distinguished  geometrically  from  the  cube  of  the  normal 
group,  but  it  has  its  own  characteristic  molecular  sym- 
metry. Corresponding  to  this  it  is  common  to  find  cubes 
of  pyrite  with  nne  lines  (striations)  parallel  to  the  alternate 
edges,  as  indicated  in  Fig.  124.  These  are  due  to  the 
partial  development  of  pyritohedral  faces  (210).  On  a 
normal  cube  such  striations,  if  present,  must  be  parallel  to 
both  sets  of  edges  on  each  cubic  face. 
Similarly  to  the  cube,  the  remaining  forms  of  this  pyritohedral  group, 
namely,  (111),  (110),  (hhl),  {hll\  have  the  same  geometrical  form,  respectively, 
as  the  octahedron,  dodecahedron,  the  trisoctahedrons  and  trapezohedrons  of 
the  normal  group.  In  molecular  structure,  however,  these  forms  are  distinct, 
each  having  the  symmetry  described  in  Art.  66. 

71.  Other  combinations  of  pyritohedral  forms  are  shown  in  Figs.  122,  123, 
both  of  the  species  pyrite.  Fig.  122  is  dodecahedral  in  habit,  with  the  diploid 
i  (421),  the  trapezohedron  n  (211),  also  a  (100),  o  (111),  e  (210).  In  Fig.  123, 
a  single  angle  of  a  pyrite  crystal  is  represented  with  a  (100),  o  (111),  d  (110); 
the  two  pyritohedrons  e  (210)  and  e,  (120);  the  trisoctahedron  jo  (221);  the 
trapezohedrons  n  (211),  m  (311);  the  diploids  s  (321).  W  (851). 

This  species  illustrates  well  the  complexity  that  may  be  observed  among 
the  crystals  of  a  given  mineral.  Not  only  is  there  wide  variation  in  habit,  but 
the  occurring  forms  are  also  very  numerous.  Thus  some  thirty-five  pyrito- 
hedrons (+and— )  have  been  noted  and  a  like  number  of  diploids;  also 
five  trisoctahedrons  and  eleven  trapezohedrons. 
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72.  Angles. — The  following  tables  contain  the  angles  of  some  commoa 
forms : 


Pyritohrdrons 

Edge  A 

EdgeC 

Angle  on 

Angle  on 

Cf.  Fig.  112. 

210  A  210. 

etc. 

210  A  102.  etc 

a  (100,  ui) 

I' (111.  1) 

410 

28'  ^' 

76'  28}' 

14"  2}' 

45*  83}' 

810 

86  52i 

72  82} 

18  26 

48   5} 

520 

48  861 

69  49] 

21  48 

41  22 

210 

58   7f 

66  25} 

26  84 

89  14 

680 

61  55} 

68  49} 

80  57} 

87  37 

820 

67  22} 

62  80} 

88  41} 

86  48} 

480 

78  Ui 

61  19 

86  52} 

86   4} 

540. 

77  19} 

60  48i 

88  89} 

85  45} 

650 

79  86} 

60  32} 

89  48} 

85  85} 

DiPLOIDB. 

Edge  A 

Edge  B     Edge  C. 

Angle  on 

Angle  on 

Cf.  Fig.  118. 

821a 

321,  etc.  821  a 

821,  eta  821  a  218.  etc 

.   a{100.t.») 

<?(lli.  1) 

421 

5r 

45}' 

25' 

12}'      48'*  11}' 

29^  12}' 

28^  6}' 

532 

58 

144 

87 

51}      35  20 

85  47} 

20  30} 

531 

60 

56} 

19 

27}      19  27} 

82  18} 

28  83} 

851 

63 

86} 

12 

6       53  55} 

32  80} 

81  84 

821 

64 

87} 

81 

0}      38  12} 

86  42 

22  Ui 

482 

67 

42} 

48 

86}      26  17} 

42   1{ 

15  13} 

481 

72 

4} 

22 

37}      48   8 

88  19} 

2^   4 

3.  TETKAHEDRAL  GROUP  (3).  TETRAHEDRITE  TYPE. 


73.  Typical  Forms  and  Symmetry.— .The  typical  form  of  this  group,  ami 

that  from  which  it  derives  its  name,  is  the  tetrahedron,  shown  in  Figs.  1'2^j. 

127.     There  are  also  three  other  distinct  forms,  shown  in  Figs.  133, 134, 135. 

The  symmetry  of  these  forms  is  that  which  is  characteristic  of  the  entire 

126.  group.   There  are  six  planes  of  symmetry,  parallel 

respectively  to  the   faces  of  a  rhombic  aodeoa- 

hedron,  but  no  planes  of  symmetry  parallel  to  tho 

cubic  faces.     The  three  cubic  axes  are  axes  of 

binary  symmetry  only,  and  the  four  octahedral 

axes  are  axes  of  trigonal  symmetry.     There  is  ii«> 

center  of  symmetry. 

The  spherical  projection  (Fig.  125)  shows  the 
distribution  of  the  faces  of  the  general  form  (Itli) 
and  thus  exhibits  the  symmetry  of  the  grou]> 
It  will  be  seen  at  once  that  the  like  faces  aro 
all  grouped  in  the  alternate  octants,  and  this  will 
be  seen  to  be  characteristic  of  all  the  for  ids 
peculiar  to  this  group.  The  relation  between 
the  symmetry  here  described  and  that  of  the  normal  group  must  be  carefully 
studied. 

In  distinction  from  the  pyritohedral  forms  whose  faces  were  in  parallel 
pairs,  the  faces  of  the  tetrahedron  and  the  analogous  solids  are  inclined  to 
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each  other,  and  hence  thev  are  sometimes  spoken  of  as  inclined  hemihedrons^- 
and  the  type  of  so-called  hemibedrism  here  illustrated  is  then  called  inclined 
or  tetrahedral  hemihedrism.    , 

74.  Tetrahedron.— The  tetrahedron,*  as  its  name  indicates,  is  a  four-faced 
solid,  bounded  by  planes  meeting  the  axes  at  equal  distances.  Its  general 
symbol  is  (111),  and  the.  four  faces  of  the  plus  form  (Fig.  126)  have  the 
symbols  111,  ill.  111,  111.  These  are  four  of  the  faces  of  the  octahedron 
of  the  normal  group  (Fig.  7J),  and  those  four  which  belong  to  the  alternate 
(K  rants  as  reouired  by  the  symmetry  already  defined. 

Each  of  the  four  faces  of  the  tetrahedron  is  an  equilateral  triangle;  tlio 
(normal)  interfacial  angle  is  109°  29'  16".  The  tetrahedron  is  the  regular 
iriangular  pyramid  of  geometry,  but  crystallogranhically  it  must  be  so  placed 
that  the  axes  join  the  middle  points  of  opposite  edges,  and  one  axis  is.  vertical.. 


126. 


127. 


128. 


There  are  two  possible  tetrahedrons:  iheplu8  tetrahedron  (111),  designated 
'•y  the  letter  o,  which  has  already  been  described,  and  the  mimis  tetrahedron, 
having  the  same_geometr[cal  form  and  symmetry,  but  the  symbols  of  its  four 
f;.'X'3  are  111,  111,  111,  111.  This  second  form  is  shown  in  Fig.  127;  it  is 
'i;uilly  designated  by  the  letter  o^.  These  two  forms  are,  as  stated  above, 
■ii'Htical  in  geometrical  shape,  but  they  may  be  distinguished  in  many  cases 
^  y  the  tests  which  serve  to  reveal  the  molecular  structure,  particularly  the- 
It  is  probable  that  the  plus  and  minus   tetrahedrons  of 


t:ohing-figures. 
129. 


130. 


131. 


<\ 


El-nalerite  (see  that  species)  have  a  constant  diflference  in  this  particular,  which 
makes  it  possible  to  distinguish  theni  on  crystals  from  different  localities  and 
of  flifferent  habit. 

If  both  tetrahedrons  are  present  together,  the  form  in  E'ig.  128  results. 
Ihia  is  geometrically  an  octahedron  when   they  are  equally  developed,  but 

*T*J»8  18  one  of  the  five  regular  solids  of  geouiRlry.  whicli  include  also  llie  cube,  octa- 
hedron, the  regular  pentagODal  dodecahedrou,  and  the  icosahedron;  the  last  two  are  im- 
P'^ible  forms  amoog  crystals. 
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<n-ystallogruphicall7  ifc  is  always  only  a  combination  of  two  unlike  forms,  ti  • 
plus  and  minus  tetrahedrons,  which  can  be  distinguished  as  already  noted. 

The  tetrahedron  in  combination  with  the  cube  replaces  the  alternate  gu..: 
angles  as  in  Fig.  129.  The  cube  modifying  the  tetrahedron  truncates  iu 
edges  as  shown  in  Fig.  130.  The  normal  angle  betweti; 
adjacent  cubic  and  tetrahedral  faces  is  54°  44'.  In  Fig 
131  the  dodecahedron  is  shown  modifying  the  plus  tt^tr;f 
hedron,  while  in  Fig.  132  the  cube  is  the  predominati:  j 
form  with  the  plus  and  minus  tetrahedrons  and  dodeca 
hedron. 

75.  Other  Typical  Forms. — There  are  three  other  dis- 
tinct types  of  solids  in  this  group,  having  the  general 
symbols  {hhl)y  (hll),  and  {hkl).  The  first  of  these  is  showi 
in  Fig.  133,  here  the  symbol  is  (221).  There  are  tweKc 
faces,  each  a  quadrilateral,  belonging  to  this  form,  di- 
tributed  as  determined  by  the  tetrahedral  type  of  symmetry.  They  correspo:.  ] 
to  twelve  of  the  faces  of  the  trisoctahedron,  namely,  all  those  falling  in  ultt  :• 
nate  octants.  This  type  of  solid  is  sometimes  called  a  tetragonal  fristef/  • 
hedron^  or  a  deltoid  dodecahedron.  It  does  not  occur  alone  among  crystal!, 
but  its  faces  are  observed  modifying  other  forms. 


Burucite. 


133. 


134 


136. 


There  is  also  a  complementary  minus  form,  corresponding  to  the  plus  form, 
related  to  it  in  precisely  the  same  way  as  the  minus  to  the  plus  tetrahedroiii 
Its  twelve  faces  are  those  of  the  trisoctahedron  which  belong  to  the  other  sei 
of  alternate  octants. 

Another  form,  shown  in  Fig.  134,  has  the  general  symbol  (hll)^  here  (211'; 
it  is  bounded  by  twelve  like  triangular  faces,  distributed  after  the  tyr^ 
demanded  by  tetrahedral  symmetry,  and  corresponding  consequently  to  \u 
faces  of  the  alternate  octants  of  tne  form  {hll) — the  trapezohedron — of  tii 
normal  group.  This  type  of  solid  is  sometimes  called  a  trigonal  iristetnA 
hedron  or  trigondodecahedon.*  It  is  observed  both  alone  and  in  combinu- 
tion;  it  is  much  more  common  than  the  form  (lihl).  There  is  here  again  a 
complementary  minus  form.  Fig.  136  shows  the  plus  form  n  (211)  with  x.\\i 
plus  tetrahedron,  and  Fig.  137,  the  form  w  (311)  with  a  (100),  o  (111),  auij 
d  (110).     In  Fig.  138,  the  minus  form  n^  (211)  is  present. 

*It  is  to  be  noted  that  the  tetrsfi^onal  tristetrahedron  has  faces  which  resemble  those  A 
tlie  trapezohedron  (tetnu^onal  trisoctahedron),  although  it  is  related  not  to  this  but  to  th< 
trisoctahedron  (trigonal  trisoctahedron).  On  the  other  hand,  the  faces  of  the  trigonal  tris* 
tetrahedron  resemble  those  of  the  trisoctahedron,  tliough  in  fact  related  to  the  trapezoj 
hedron. 
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The  fourth  independent  type  of  solids  in  this  group  is  shown  in  Fig.  135. 
ft  has  the  general  symbol  (M^),  here  (321),  and  is  bounded  by  twenty-four 
:*:i:es  distributed  according  to  tetrahedral  symmetry,  that  is,  embracing  all  the 
fa-OS  of  the  alternate  octants  of  the  forty -eight-faced  hexoctahedron.  This 
furm  is_8omet)mes  called  a  hexahistetrahedron.  The  complementary  minus 
form  {hkJ)  embraces  the  remaining  faces  of  the  hexoctahedron.  The  plus 
136.  137.  138. 


Tetrahedrite. 


Sphalerite. 


Bomcite. 


hexakistetrahedron,  v  (531),  is  shown  in  Fig.  138  with  the  cube,  octahedron, 
and  dodecahedron,  also  the  minus  trigonal  tris tetrahedron  n  (211). 

76.  If  the  tetrahedral  symmetry  be  applied  in  the  case  of  planes  each 
parallel  to  the  two  axes,  it  will  be  seen  that  there  must  be  six  such  faces. 
They  form  a  cube  similar  in  geometrical  appearance  to  the  cube  both  of  the 
normal  and  pyritohedral  groups,  but  differing  in  its  molecular  structure,  as 
can  be  readily  proved,  for  example,  by  pyro-electricity.  Similarly  in  the  case 
^•f  the  planes  having  the  symbol  (110),  there  must  be  twelve  faces  forming  a 
r:iombic  dodecahedron  bearing  the  same  relation  to  the  like  geometrical  form 
<»f  the  normal  group.  The  same  is  true  again  of  the  planes  having  the  posi- 
ii(m  expressed  by  the  general  symbol  {hkO)\  there  must  be  twenty-four  of 
tiiem  and  they  together  form  a  tetrahexahedron. 

In  this  group,  therefore,  there  are  also  seven  types  of  forms,  but  only  four 
of  them  are  geometrically  distinct  from  the  corresponding  forms  of  the 
r.ormal  group. 

77.  Angles. — The  following  tables  contain  the  angles  of  some  common 
forms : 

TetRAGOKAL  TRIffTETKAHEDBONS. 


Edge  A 

EdgeB 

Angle  on 

Angle  on 

Cf-  Fig.  188. 

221  A  212,  etc. 

221  A  212,  etc. 

a  (100,  %-i) 

<?(111,  1) 

882 

l?**  20J' 

97"  50J' 

50"  uy 

10"     1}' 

221 

27    16 

90      0 

48    IH 

15    47} 

552 

88    88i 

84    41 

47      7i 

19    28} 

381 

87    61f 

80    65 

46    80i 

22      0 

Triookai«  Tristetbahbdronb. 

EdgeB 

EdgeC 

Angle  on 

Angle  on 

Cf.  Hg.  184.  211  A  211,  etc. 

211  A  121,  etc. 

a  (100,  U) 

o(n\,l) 

411 

38'  661' 

60*'     0' 

19"  28i' 

85"  15}' 

722 

44      Oi 

66    50} 

22      0 

82    44 

811 

50    28} 

60    28} 

25    14} 

29    29} 

622 

58    69^ 

48    20} 

29    29} 

26    14} 

211 

70    81} 

88    88| 

85    15} 

19    28} 

822 

86    87} 

19    46 

48    18} 

11    26} 
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Edge  A  EdgeB  Edge  C  Angle  on  {LDgleoo 

Cf.  Fig.  185.  321  A  812,  etc.  821  a  312,  etc.  821  A  281,  etc.  a  (100,  U)  o  (HI,  1) 

631  27"  39f  57*     7^'  27"  80|'  82"  18f'  28"  3S}' 

821  21    4!t\  69      4i  21    47^  86    42  22    12^ 

482  15      5|  82      4|  15      5|  42      If  15    13^ 

481  82    12^  67    22f  15    56]^  ^    l^l  ^     4 


4.  PLAGIHEDRAL  GROUP  (4).  CUPRITE  TYPE. 

78.  Typical  Forms  and  Sjrmmetry.— The  fourth  group  under  the  igometrii 

139. 


system  is  called  the  plagihedral    or  gyroidal 

group  because  the  faces  of  the  geDeral  form 

{hkl)  are  arranged  in  spiral  order.   This  is  shown 

on  tne  spherical  projection.  Fig.  139,  and  also  in 

Figs.  140, 141,  which  represent  the  single  typical 

form  of  the  group.     These  two  complementary 

solids  together  embrace  all   the   faces  of  the 

hexoctahedron.     They   are   distinguished  from 

one  another  by  being  called  respectively  right- 
handed  and  left-handed  pentagonal  icositetra- 

hedrons.     The  other  forms  of  the  group  are 

geometrically  like  those  of  the  normal  group. 
The  symmetry  characteristic  of  the  group  in 

general  is  as  follows  : 

There  are  no  planes  of  symmetry  and  no  center  of  symmetry.     There  are 

however,  three  axes  of  quaternary  symmetry  normal  to  the  cubic  faces,  fou 
140.  141.  axes  of  trigonal  symmetr; 

normal  to  the  octahedra 
faces,  and  six  axes  of  binar 
symmetry  normal  to  lii 
faces  of  the  dodecahedron 
In  other  words,  it  has  all  tli 
axes  of  symmetry  of  tli 
normal  group  while  withou 
planes  or  center  of  Fvni 
metry. 

79.  It  is  to  be  noted  tba 
the  two  forms  shown  in  ¥\p 

140, 141  are  alike  geometrically,  but  are  not  superposable;  in  other  words,  tlif 

are  related  to  one  another  as  is  a  right-  to  a  left-hand  glove.     They  are  henc 

said  to  be  enaniiomorphous,  and,  as  explained  elsewhere,  the  crystals  belon^in 
here  may  be  expected  to  show  circular  light  polarization.     It  will  be  seen  tlui 

the  complementary  plus  and  minus  forms  of  the  preceding  groups,  unlike  tho: 

here,  may  be  superposed  by  being  rotated  90"  about  one  of  the  crystallograpii 

axes.     This  distinction  between  plus  and  minus  forms,  and  between  right-  am 

left-handed  enantiomorphous  forms,  exists  also  in  the  case  of  the  groups  o 

several  of  the  other  systems. 

This  group  is  rare  among  minerals  ;   it  is  represented  by  cuprite,  sa 
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innoniac,  sylvite,  and  halite.     It  is  usually  shown  by  the  distribution  of  the 
tiall  modifying  faces,  or  by  the  form  of  the  etching-  14a. 

ifiires.  Fig.  143  shows  a  crystal  of  cuprite  from  Cornwall 
^ratt)  with  the  form  z  (IS'IO'IS). 

).  TETARTOHEDEAL  GROUP  (5).  ULLMAN- 
NITE  TYPE. 

80.  Symmetry  and  Typical  Forms. — The  fifth  remain* 
ig  possible  group  under  the  isometric  system  is  illus- 
ated  by  Pig.  144,  which  represents  the  twelve-faced 
>lid  corresponding  to  the  general  symbol  {]ikl).  The  dis- 
•ibution  of  its  faces  is  shown  in  the  projection,  Fig.  143. 
'his  form  is  sometimes  called  a  tetrahedral-pentagonal  dodecahedron. 
)en  to  have  one-fourth  as  many  faces  as  the  form  (JikV)  in  the  normal  group, 
ence  there  are  four  similar  solids  which  together  embrace  all  the  faces  of  the 
exoctahedron.  These  four  solids,  which  are  distinguished  as  right-handed 
\-  and  — )  and  left-handed  (+  and  — ),  are  enantiomorphous,  like  those  of 
'igs.  140  and  141,  and  hence  the  salts  crystallizing  here  may  be  expected  to 
Iso  show  circular  polarization.    The  remaining  forms  of   the  group  are 


It  is 


143. 


144. 


146. 


besides  the  cube  and  rhombic  dodecahedron)  the  tetrahedrons,  the  pyrito- 

ledrons,  the  tetragonal  and  trigonal  tristetrahedrons ;  geometrically  they 

146.  147.  are  like  the  solids  of  the 

same  names  already  de- 
scribed. This  group  has 
no  plane  of  symmetry  and 
no  center  of  symmetry. 
There  are  three  axes  of 
binary  symmetry  normal  to 
the  cubic  faces,  and  four 
axes  of  trigonal  symmetry 
normal  to  the  faces  of  the 
tetrahedron. 

This  group  is  illustrated  by  artificial  crystals  of  barium  nitrate,  strontium 
titrate,  sodium  chlorate,  etc.  Further,  the  species  uUmannite,  which  shows 
ometimes  pyritohedral  (Fig.  146)  and  again  tetrahedral  forms  (Fig.  147), 
K>th  having  the  same  composition,  must  be  regarded  as  belonging  here. 
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Mathematical  Relations  of  the  Isometric  System. 

81.  Most  of  the  problems  arising  iu  the  Isometric  system  cau  be  solved  at  ODce  bv  \h 
right-augled  triaugies  iu  the  sphere  of  projection  (Fig.  110,  p.  41)  without  the  use  of  a-j 
formulae. 

It  will  be  remembered  that  the  nn^^les  between  a  cubic  face,  as  100,  and  the  adja<  > 
face  of  a  tetrnhezahedron,  810,  210,  820,  etc.,  can  be  obtained  at  once,  since  the  tangeLt 

this  angle  is  equal  to  -g,  -5,  -g,  or  in  general  -. 

tan  (7ikO  A  100)  =  ^. 
n 

Since  all  the  forms  of  a  given  symbol  under  different  species  have  the  same  aogl 
the  tables  of  angles  already  given  are  very  useful. 

These  and  similar  angles  may  be  calculated  immediately  from  the  sphere,  or  ofteo  mcd 
simply  by  the  formulas  ^ven  in  the  following  article. 

82.  Formulai.— (1)  The  distance  of  the  pole  of  any  face  Viftkl)  from  the  cubic  fao'>  n 
given  by  the  following  equations.  Here  Pa  is  the  distance  between  (hkl)  and  (100) ;  P^  1 
the  distance  between  (hkl)  and  (010);  and  Tc  that  between  (hkl)  and  (001).  | 

These  equations  admit  of  much  simplification  in  the  various  special  cases,  for  (Ar 
(hhl),  etc.: 

h^  h?  I* 

cos*  Pa  =  -,  ,   ,, -r-.a ;        cos* P6  =  -.,--,  -.;        cos' Pc  =  - 


(2)  The  distance  between  the  poles  of  any  two  faces  P(AftO  and  (^ipqr)  is  given  by  ' 
following  equation,  which  in  special  cases  may  also  be  more  or  less  simplified  : 

m,  PO  -  hp^kq^lr 

cos  i'V«-^(^,^^.^^,j(^^^^^,j 

(8)  The  calculation  of  the  supplement  Interfacial  or  norma]  angles  for  the  several  form 
may  be  accomplished  as  follows : 

Trisoetahedron.—The  angles  A  and  B  are»  as  before,  the  supplements  of  the  ini* 
facial  angles  of  the  edges  lettered  as  in  Fig.  88. 

~*^=2F+1^'  ^«'^  =  2FT1*- 

For  the  tetragonal'trUtetrahedron  (Fig.  138),   cos  B  =      ~       . 

Trapeeohedran  (Fig.  92).    B  and  C  are  the  supplement  angles  of  the  edges  as  lettered  i 
the  figure. 

7a'  —  2^ 
For  the  trigonal-trutetrahsdron  (Fig.  184),      cos  B  =  . 

Tetrdhexafudron  (Fig.  82). 

.  A«  _         2AJfc 

cos  A  =  ,^  ■   -, ;  cos  0  =  ^^- 


A'  — A:*  hk 

For  the  pyritoJiedran  (Fig.  112),  cos  A  =  »  ;  cos  0  =  ttttTi' 

Eexoetahedron  (Fig.  102). 

cos  A  =  ,,  .   n-r-.-i'*      COS  B  =  .,  .   ,^  ,   ,,:      cos  C  =  , 


" /i«  -^k^-i- 1**  A«  -f  *«  +  i»'      ^^  ^  -  A«  ^  A:2  ^  ^1- 

For  the  diploid  (Fig.  118),  cos  A  =  ^^,  ^  ^,q^-^,:      cos  C  =  —-^-^^T^. 

Ji9  _  2kl 
For  the  ?isxahi8ieirahedran  (Fig.  135),        cos  B  =  ,,,..,  ,,. 
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11.  TETRAGONAL  SYSTEM. 

83.  The  Tetragonal  System  includes  all  the  forms  which  are  referred 
>  three  rectangular  axes  of  which  the  two  lateral  axes  are  equal  to  each  other 
id  the  third,  the  vertical  axis,  is  either  shorter  or  longer.  The  lateral  axes 
re  designated  by  the  letter  a;  the  vertical  axis  by  d  (see  Fig.  149)  The  length 
f  the  vertical  axis  expresses  properly  the  axial  ratio  of  a:d,a  being  uniformly 
iken  as  equal  to  unity. 

Seven  groups  are  embraced  in  this  system.  Of  these  the  normal  group  is 
Dunnon  and  important  among  minerals;  two  others  have  several  representatives, 
nd  another  a  single  one  only.  It  may  be  noted  that  in  four  of  the  groups  the 
ertical  axis  is  an  axis  of  tetragonal  symmetry;  iu  the  remaining  three  it  is  an 
xis  of  binary  symmetry  only. 


1.  NORMAL  GROUP  (6).    ZIRCON  TYPE. 

84,  Symmetry. — The  forms  belonging  to  the  normal  group  of  the  tetragonal 
ystem  (cf.  Figs.  149  to  171)  have  one  principal  plane  of  symmetry,  the  plane 
)f  the  lateral  axes  a,  a;  further,  at  right  angles  148. 

0  this,  and  meeting  each  other  at  angles  of  45^ 
n  the  vertical  axis,^,  two  pairs  of  planes  of  sym- 
metry, like  two-and-two.  One  of  these  sets,  the 
ixial  planes,  pass  through  the  crystallographic 
axes,  a,  a,  and  are  hence  parallel  to  the  faces 
lettered  a ;  the  others  are  diagonal  to  them,  or 
parallel  to  the  faces  m. 

Further,  the  vertical  axis,  i,  is  a  principal  axis 
Df  tetragonal  symmetry;  there  are  also  four  axes 
of  binary  symmetry,  like  two-and-two  ;  one  set 
coincides  with  the  lateral  axes  a,  a;  the  others  are 
diagonal  to  them. 

The  distribution  of  the  faces  of  the  general 
form,  Iikl,  belonging  to  this  group,  is  shown  in  the  spherical  projection. 
Fig.  148. 

85.  Forms. — ^The  various  possible  forms  under  the  normal  group  of  this 
system  are  as  follows : 


•  Miller. 

1.  Base  or  basal  pinacoid {^^^) 

2.  Diametral  prism,  or  prism 

of  the  second  order 
3, 


oo  a  :oQ  a:c 


Kaumann. 
OF  or  0,  c 


\  ....(100) 

Unit  prism,  or  prism  )  t^^^\\ 

of  the  first  order       \ ^^^^^ 

4.  Ditetragonal  prism {hJcO) 

as,  (310)  1-3;  (210)  i-2;  (320)  f-},  etc. 

5,  Pyramids  of  the  diametral )  /,  ^7v         ^  .  _  ^  .  ^^ 

or  second  order  [....(^00         a:<f>  axmc 

as,  (203)  f-»;  e  (101)  1-i;  (201)  2-f,  etc. 


a:ooa:oo(?         ooPooor  t-t,  a 


a  :a  :co  c 


a  :na  :  (x^  e 


ccF  or  I,m 
00  Pn  or  i-n 

mP  00  or  f»-f 
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Miller. 

•6.  Pyramids  of  the  unit,  )• ,;^j^)        a:a:me 

or  first  order,  )  ^      ^ 

as,  (223)  f ;  (111)  1;  (221)  2,  etc. 
7.  Ditetragonal  pyramids, )'  /^^^^x 

or  Zirconoids,  ) ^      ' 


a  :  na  :  me 


Naumann. 
mF  or  m 

mPn  or  m-n 


as,  (421)  4-2;  (321)  3-f ;  (122)  1-2,  etc. 

86.  Basal  Finaooid  or  Base. — The  base  is  that  form  which  includes  the  two 
similar  faces  which  are  parallel  to  the  plane  of  the  lateral  axes.  These  facts 
have  the  symbols  001  and  001  respectively  ;  it  is  an  "open  form,"  as  they  do 
not  inclose  a  space,  consequently  this  form  can  occur  only  in  combination  witi 
other  forms.  Of.  Figs.  149-152,  etc.  This  form  is  always  lettered  c  in  tbis 
work. 

87.  Prisms. — Prisms,  in  systems  other  than  the  isometric,  have  been  defined 
to  be  forms  whose  faces  are  parallel  to  the  vertical  axis  {&)  of  the  crysu', 
while  they  meet  the  two  lateral  axes  ;  in  this  system  the  four-faced  form  who-* 
planes  are  parallel  both  to  the  vertical  and  a  lateral  axis  is  also  called  a  prism 
There  are  hence  three  types  of  prisms  here  included. 

88  Diametral  Prism. — The  diametral  prism-  shown  *  in  combination  will 
the  base  in  Fig.  149  includes  the  four  faces  which  are  parallel  at  once  to  tk 
vertical  and  to  a  lateral  axis;  it  has,  therefore,  the  general  symbol  (100).  I: 
is  a  square  prism,  that  is,  the  angle  between  any  two  adjacent  faces  is  90^^. 

The  diametral  prism  is  often  called  the  prism  of  the  second  order  ;  it  is 
uniformly  designated  by  the  letter  a,  and  its  faces,  taken  in  order,  have  tht 
symbols  100,  010,  100,  010. 

It  will  be  seen  that  the  combination  of  this  form  with  the  base  is  tlie 
analogue  of  the  cube  of  the  isometric  system.  It  has  four  similar  vertical 
^dges  and  eight  similar  lateral  edges.    It  has  also  eight  similar  solid  angles. 


149. 


r- 


USM 

p' 

i 

^ 

— 

a^ 

a 

100 

010 

I 
J 



—^ 

161. 


L»  -fl 


89.  Unit  Prism.— The  unit  prism  includes  the  four  faces  which,  while 
parallel  to  the  vertical  axis,  meet  the  lateral  axes  at  equal  distances ;    its 


*  In  Figs.  149-152  the  dimensions  of  the  form  are  made  to  correspond  to  the  assumed 
length  of  the  vertical  axis  (here  <i=  1'78  as  In  octahedrite)  used  in  Pig.  156.  It  must  1^ 
noted,  however,  that  in  the  case  of  actual  crystals  of  these  forms,  while  the  tetragons] 
syminelry  is  usually  indicated  by  the  unlike  physical  character  of  the  face  e  as  compared 
with  the  faces  a,  m.  etc.,  in  the  vertical  prismatic  zone,  no  inference  can  be  drawn  as  to  tte 
reliitive  length  of  the  vertical  axis.  This  last  can  be  determined  only  when  a  pyramid  i- 
present :  it  is  fixed  for  the  species  when  a  particular  pyramid  is  chosen  as  fundamental  or 
^nit  form,  as  explained  later. 


TETRAGONAL  SYSTEM.  M 

general  aymDoI  is  consequently  (110).  Like  the  preceding  form,  it  is  a  square 
prism,  with  interfacial  angles  of  90°.  It  is  shown  in  combination  with  tne 
oase  in  Fig.  150.  It  is  often  called  the  prism  of  the  first  order,  and  is  uniformly 
desigiiatea  by  the  letter  m.  The  symbols  of  its  faces,  taken  in  order,  are  110, 
110,  ilO,  110. 

The  faces  of  the  unit  prism  truncate  the  edges  of  the  diametral  prism  and 
vice  versa.  When  both  are  equally  developed,  as  in  Fig.  151,  the  result  is  a 
regular  eight-sided  prism,  which,  however,  it  must  be  remembered,  is  a  com- 
bination of  two  distinct  forms. 

It  is  evident  that  the  two  prisms  described  do  not  differ  geometrically  from 
one  another,  and  furthermore,  in  a  given  case,  the  symmetry  of  this  group 
allows  either  to  be  made  the  unit,  and  the  other  the  diametral,  prism  according 
to  the  position  assumed  for  the  lateral  axes.  If  on  crystals  of  a  given  species 
both  forms  occur  together  equally  developed  (or,  on  the  other  hand,  separately 
on  different  crystals)  and  without  other  faces  than  the  base,  there  is  no  means 
of  telling  them  apart  unless  by  minor  characteristics,  as  striations  or  other 
markings  on  the  surface,  etchings,  etc. 

90.  Bitetragonal  Prism. — The  ditetragonal  prism  is  the  form  which  is 
bounded  by  eight  similar  faces,  each  one  of  which  is  parallel  to  the  vertical 
axis  while  meeting  the  two  lateral  axes  at  unequal  distances.  It  has  tlie 
general  symbol  (hkO).  It  is  shown  in  Fig.  152,  where  {hkO)  =  (210).  The 
successive  faces  have  here  tlie  symbols  210, 120,  l20,  3lO,  3l0,  I30,  iSO,  210. 

In  Fig.  164  a  combination  is  shown  of  this  form  (i/  =  310)  with  the 
diametral  prism,  the  edges  of  which  it  bevels.  In  Fig.  168  it  bevels  {h  =  210) 
the  edges  of  the  unit  prism  m.  In  Fig.  169  it  is  combined  {I  =  310)  with 
both  the  square  prisms. 

91.  PyramidB. — There  are  three  types  of  pyramids  in  this  group,  cor- 
responding, respectively,  to  the  three  prisms  which  have  just  been  described. 
As  already  stated,  the  name  pyramid  is  ^iven  (in  systems  other  than  the 
isometric)  to  a  form  whose  planes  meet  all  three  of  tne  axes ;  in  this  system 
the  form  whose  planes  meet  the  axis  6  and  one  lateral  axis  while  parallel  to 
the  other  is  also  a  pyramid.  The  pyramids  of  this  group  are  strictly  double 
pyramids. 

92.  Diametral  Pyramid. —The  diametral  pyramid,  or  pyramid  of  the 
second  order,  is  the  form,  Fig  153,  whose  faces  are  parallel  to  one  of  the 
lateral  axes,  while  meeting  the  other  two  axes.  The  general  symbol  is  (ZtOZ). 
Tliese  faces  replace  the  basal  edges  of  the  diametral  prism  (Fig.  154),  and  the 
solid  angles  of  the  unit  prism  (cf.  Fig.  155).  It  is  a  square  pyramid  (also 
called  a  sauare  octahedron),  since  its  basal  section  is  a  square,  and  the  inter- 
facial angles  over  the  four  terminal  edges,  above  and  below,  are  equal.  The 
snccessive  faces  of  the  form  (101)  are  as  follows:  Above  101,  Oil,  101,  Oll; 
below  101,  Oil,  lOi,  Oil. 

If  the  ratio  of  the  intercepts  on  the  lateral  and  vertical  axes  is  the  assumed 
axial  ratio  of  the  species,  the  symbol  is  (101),  and  the  form  is  designated  by 
the  letter  e.  This  ratio  can  be  deduced  from  the  measurement  of  either  one 
of  the  interfacial  angles  (y  or  z)  over  the  terminal  or  basal  edges,  as  explained 
later.  In  the  case  of  a  given  species,  a  number  of  diametral  pyramids  may 
occur,  varying  in  the  ratio  of  the  axes  a  and  L  Hence  there  is  possible  an 
indefinite  number  of  such  forms  whose  symbols  may  be,  for  example,  (104), 
(103),  (102),  (101),  (302),  (201),  (301),  etc.  Those  mentioned  first  come 
nearest  to  the  base  (001),  those  last  to  the  diametral  prism  (100);  the  base  is 
therefore  the  limit  of  these  pyramids  {hOl)  when  A  =  0,  and  the  diametral 
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prism  (100)  when  A  =  oo  and  Z  =  1;  or,  what  is  the  same  thing,  when  h  =  1 
and  /  =  0.  Fig.  165  shows  the  three  diametral  pyramids  u  (105),  e  (101), 
9  (201)- 

163.  164.  166. 


f^-^A?:^ 


^-— 


Rutile. 

93.  Unit  Pyramid. — A  unit  pyramid,  or  pyramid  of  the  first  order,  is  a 
form  whose  eight  similar  faces  intersect  the  two  lateral  axes  at  equal  dis- 
tances and  also  intersect  the  vertical  axis.  It  has  the  general  'symbol  (hhl). 
Like  the  diametral  pyramid,  it  is  a  sqnare  pyramid  (or  square  octahedron) 
with  equal  interfacial  angles  over  the  terminal  edges,  and  the  faces  replace 
the  lateral,  or  basal,  edges  of  the  unit  prism.  If  the  ratio  of  the  vertical  to  the 
lateral  axis  for  a  dven  unit  pyramid  is  the  assumed  axial  ratio  for  the  species, 
the  form  is  csMea  the  fundamental  form,  and  it  has  the  symbol  (111)  as  in 
Fig.  156.  Its  faces  mentioned  in  order  as  before  are:  Above  111,  111,  lU, 
111;  below  111,111,111,  111. 

166.  167.  168.  169. 


<j^ 


^ 


X^ 


Zircon. 


Zircon. 


ApopbyllUe 


Obviously  the  angles  of  the  unit  pyramid,  and  hence  its  geometrical 
aspect,  vary  widely  with  the  length  of  the  vertical  axis.  For  Fig.  156  (octa- 
hedrite)  d  =  1-78;  for  Fig.  161  p  =  (111)  and  i  =  0-64. 

For  a  given  species  there  may  be  a  number  of  unit  pyramids,  varying  in 
position  according  to  the  ratio  of  the  vertical  to  the  lateral  axis.  Their 
sjrmbols,  passing  from  the  base  (001)  to  the  unit  prism  (110),  may  thus  be 
(115),  (113),  (223),  (111),  (332),  (221),  (441),  etc.  In  the  general  symbol  of 
these  forms  {hhl),  as  h  diminishes,  the  form  approximates  more  and  more 
nearly  to  the  base  (001),  for  which  A  =  0;  as  A  increases,  the  form  passes 
towarl  the  unit  prism,  for  which  h  =  co  it  I  —  1,  that  is,  for  which  h  =  I 
if  Z  =  0.  In  Fig.  158  two  pyramids  of  this  order  are  shown,  p  (111)  and 
u  (331). 
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The  faces  of  the  nnifc  pyramids  replace  the  terminal  edges  of  the  unit  prism. 
(Figs.  157, 160)  and  the  solid  angles  of  the  diametral  prism  (Fig.  159). 


161. 


162. 


Vesuvianite. 


164. 


f=^ 


>e^ 


vv 


p\ 


B^ 


Apophyllite. 


Octahedrite. 


The  application  of  the  zonal  relations  proves  that  a  diametral  pyramid 
truncating  the  pyramidal  edges  of  a  given  unit  pyramid  has  the  same  ratio  as 
it  has  for  A  to  l.  Thus  (lOl)  truncates  the  terminal  edge  of  (111);  (201)  of 
(221),  etc.  Again,  if  a  unit  pyramid  truncates  the  pyramidal  edges  of  a  given 
diametral  pyramid,  its  ratio  for  A  to  Z  is  AaZ/'that  of  the  other  form;  that  is, 
(112)  truncates  the  pyramidal  edges  of  (lOl);  (111)  of  (201),  etc.  These 
relations  are  exhibited  by  Fig.  165,  and  the  basal  and  spherical  projections 
I  Figs.  170,  171)  corresponding  to  it.  Here  e  (101)  and  u  (106)  truncate  the 
terminal  edges  otp  (111)  and  r  (115),  respectively,  while  p  (111)  truncates  the 
edges  of  q  (201). 

94.  Bitetragonal  Pyramid,  or  Ziroonoid. — The  ditetra^onal  pyramid,  or 
double  eight-sided  pyramid,  is  the  form  each  of  whose  sixteen  similar  faces 
meets  the  three  axes  at  unequal  distances.  This  is  the  most  general  case  of 
the  symbol  {hkl)y  where  A,  i,  I  are  all  unequal  and  no  one  is  equal  to  0.  That 
there  are  sixteen  faces  in  a  single  form  is  evident.  Thus,  for  example,  for  the 
form  (212)  the  face  212  is  similar  to  122,  the  two  lateral  axes  being  equal 
(not,  however,  to  221).  Hence  there  are  two  like  faces  in  each  octant. 
Similarly  the  symbols  of  all  the  faces  in  the  successive  octants  are,  therefore, 
18  follows: 

Above    212    122    122    Sl2    IS2    152     l32    2l2 
Below    213    122    I2S    3l3    3IS    133    l33    213 
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This  form  is  common  with  the  species  zircon,  and  is  hence  often  called  a 
zirconoid.  It  is  shown  in  Fig.  166.  It  is  not  observed  alone,  though  some- 
times,  as  in  Figs  167  (x  =  311)  and  168  {z  =  321),  it  is  the  predominatini: 
form.  In  Fig.  169  two  zirconoids  occur,  namely,  t  (313)  and  z  (3'^1).  CL  als*< 
Figs.  6,  8,  9  of  zircon  on  p.  8. 

166.  167.  168.  169. 


A 


m 


Zircon.  Cassiterite.  Rutlle 

95.  In  addition  to  the  perspective  figures  already  given,  a  basal  projection 


(Fig  170)  is  added  of  the  crystal  of  octahedrite 
already  referred  to  (Fig.  165);  also  a  spherical  pro- 
jection of  the  samejfFig.  171)  with  the  faces  of  the 
form  (313)  added.  These  exhibit  well  the  general  re- 
lations of  this  normal  group  of  the  tetragonal  system. 
The  symmetry  here  is  to  be  noted,  first,  with  respect 
to  the  similar  zones  100,  001,  100  and  010,  001,  010; 
also,  second,  that  of  the  other  pair  of  similar  zones, 
110,  001,  IIO,  and  lIO,  001, 1 10. 

171. 


170. 


010  o^ 
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2.  HEMIMORPHIC  GROUP  (7). 

This  group  differs  from  the  normal  group  only  in  having 
no  plane  of  symmetry  through  the  plane  of  the 
transverse  axes;  hence  the  forms  are  heminior 
phic  as  defined  in  Art.  29.  It  is  not  known  to 
be  represented  among  minerals^and  is  sufficiently 
illustrated  by  the  spherical  projection  (Fig.  1T2). 
Here  the  two  basal  planes  are  distinct  forum, 
001  and  001;  the  prisms  do  not  differ  geonietri- 
^  cally  from  those  of  the  normal  group,  though  dis 
tinguished  by  their  molecular  structure;  further, 
the  pyramids  are  no  longer  double  pyramids,  but 
each  form  is  represented  by  one  half  of  Figs.  153, 
156,  166  (cf  Fig.  50,  p  18).  There  are  hence 
six  distinct  pyramidal  forms,  corresponding  to 
the  upper  and  lower  halves  of  the  unit  pyramid, 
the  diagonal  pyramid  and  the  ditetragonal  pyramid. 


3.  PYRAMIDAL  GROUP  (8).     SCHEELITE  TYPE. 

97.  Typical  Fonns  aad  Sjrmmetry. — The  forms  here  included  have  one 
plane  of  symmetry  only,  that  of  the  transverse  axes,  and  one  axis  of  tetragonal 
symmetry "^(the  vertical  axis)  normal  to  it.     The  173. 

distinct  forms  are  the  tetragonal  prism  {hkO) 
and  pyramid  {hkl)  of  the  third  order,  shown  in 
Figs.  174,  175. 

The  distribution  of  the  faces  of  the  general 
form  {hkl)  on  the  spherical  projection.  Fig.  173, 
exhibits  the  symmetry  of  the  group.  Comparing 
this,  as  well  as  the  figures  immediately  following, 
with  those  of  the  normal  group,  it  is  seen  that 
this  group  differs  from  it  in  the  absence  of  the 
vertical  planes  of  symmetry  and  the  horizontal 
axes  of  symmetry.  Further,  half  the  faces,  be- 
longing to  each  octant,  of  the  normal  form  (hkl) 
shown  in  Fig.  166  only  are  present,  and  these  are 
the  faces  situated  in  a  vertical  zone,  from  001  to  OOl. 

98.  FriBm  and  Pyramid  of  the  Third  Order.— The  typical  forms  of  the 
group,  as  above  stated,  are  a  square  prism  and  a  square  pyramid,  which  are 
distinguished  respectively  from  the  square  prisms  a  (100)  and  rn  (110),  shown 
in  Figs.  149  and  150,  and  from  the  square  pyramids  (hOl)  and  (hhl)  of  Figs. 
153  and  156  by  the  name  "third  order." 

There  are  two  complementary  forms  in  each  case,  designated  left  and  rigid, 
which  together  include  all  the  faces  of  the  ditetragonal  prism  (Fig.  152)  and 
ditetragonal  pyramid  (Fig.  166)  of  the  normal  group 

The  faces  of  the  two  complementary  prisms,  as  (210),  are: 

Left:     210,    l20,    5l0,    l20. 
RiglU:   120,    2lO,    I30,    210 
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The  faces  of  the  corresponding  pyramids,  as  (212),  are: 

Left:      above  212,  l22,  3l2,  l22;    below  2l3,  l23,  212,  125. 
Right:    above  122,  2l2,  122,  2l2;    below  122,  2l2,   122,  2l2. 

Fig.  1T6  gives  a  transverse  section  of  the  prisms  a  (100)  and  m  (110),  also 
the  prism  of  the  third  series  (120).  Fig.  175  shows  the  right  pyramid  (122) 
torresponding  to  the  same  prism. 


174. 


176. 


176. 


no  ! 


^••""^-V 


uo 


// 

1  r 

OlO^V^ 

100 

99.  Other  Forms.~The  other  forms  of  this  group,  that  is,  the  base  c  (001); 
the  other  square  prisms,  a  (100)  and  m  (110);  also  the  square  pyramids  {hOI) 
and  (hhl)  are  geometrically  like  the  corresponding  forms  of  the  normal  group 
already  described. 

100.  To  this  group  belongs  the  important  species  scheelite;  also  the 
isoniorphous  species  stolzite  and  powellite,  unless  it  be  that  they  are  rather  to  be 
classed  with  wulfenite  (p.  61).  Fig.  177  shows  a  typical  crystal  of  scheelite, 
and  Fig.  178  a  basal  section  of  one  similar;  these  iHustrate  well  the  charac- 


177. 


178. 


Scheelite. 


Scheelite. 


179. 


Meionlte. 


Here  the  forms  are  e  (101), 


teristics  of  the  ffroup.     Here  the  forms  are  f  (101),  ^.(1 
order  pyramids  *  (515),  7*  (313),^  g^  (212),  /.  (131).     Fig. 


(Ill),  and  the  third- 

#v   t^*«  ,  - /7  i7  V /.    ,  ^      ,         ^S'   ^^^  represents  a 

mek)ni?rcr"y8tal  with^Vo'lirand  the  third-order  pyramid  z  (311)      See  also 
Fiffs  181   182,  in  which  the  third-order  prism  is  shown. 

The  forms  of  this  group  are  sometimes  described  (see  Art.  28)  as  showing 
pyramidal  hemihedrism  ;  hence  the  name  here  given. 
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4.  PYBAMIDAL-HEMIMORPHIC  GROUP  (9).    WULFENITE  TYPE, 

101.  Symmetry. — The  fourth    group  of  the  tetragonal  system  is  closely 
IQQ^  related  to  the  group  just  described.     It  has  the 

same  vertical  axis  of  tetragonal  symmetry,  but 
there  is  no  transverse  plane  of  symmetry.  The 
forms  are^  therefore,  hemimorphic  in  the  distribu- 
tion of  the  faces  (of.  Pig.  180).  The  species 
wulfenite  of  the  Scheelite  Group  among  mineral 
species  probably  belongs  here,  although  the  crys 
.)^  tals  do  not  always  show  the  difference  between 
the  pyramidal  faces,  above  and  below,  which 
would  characterize  distinct  complementary  forms. 
Figs.  181,  182  could,  therefore,  serve  as  illustra- 
tions of  the  preceding  group,  but  in  Pig.  183  a 
characteristic  distinction  is  exhibited.  In  these 
figures  the  forms  are  u  (102),  e  (101),  n  (lll)j 


also/  (230),  k  (210),  z  (432),  x  (311). 


181. 


182. 
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Figs.  181-188,  Wulfenite. 

5.    SPHENOIDAL  GROUP  (10).    CHALCOPYRITE  TYPE. 

102.  TTpical  Fonns  and  Symmetry. — The  typical  forms  of  this  group  are 
the  sphenoid  (Fig.  185)  and  the  tetragonal  scalenohedron  (Fig.  186).  They 
and    all  the    combinations  of  this    group    are  184. 

characterized   by  the  presence   of  two  vertical 
planes  of  symmetry;    these  are  diagonal  to  the 
crystallographic  axes  and  intersect  at  angles  of 
9<r  in  the  vertical  axis,  which  is  an  axis  of  binary        / 
symmetry   only.      Further,  the  two   horizon td      / 
crystallographic  axes  are  axes  of  binary  sym-      / 
njetry-  ^^ 

This  symmetry  is  exhibited  in  the  distribution  \ 
of  the  faces  of  the  general  form  {kkl)  in  the 
spherical  projection  ^ig.  184).  It  is  seen  here 
that  the  faces  are  present  in  the  alternate  octants 
only,  and  it  will  be  remembered  that  this  same 
statement  was  made  of  the  tetrahedral  group 
under  the  isometric  system.     There  is  hence  a  close  analogy  between  these 
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two  groups.    The  symmetry  of  this  group  should  be  carefully  compared  with 
that  of  the  first  and  third  groups  of  this  system  already  described. 

103.  Sphenoid. — The  sphenoid,  shown  iu  Fig.  185,  is  a  four-faced  solii, 
resembling  a  tetrahedron,  but  each  face  is  an  isosceles  (not  an  equilater»ij 
triangle.  The  general  symbol  of  the  plus^  unit  sphenoid  is  (111),  and  iLe 
faces  have  the  symbols:  111,  111,  111,  ill.  The  complementary  miuiu 
sphenoid  has  the  symbol  (111),  and  these  two  forms  include  all  the  faces  of 
the  unit  pyramid  (111)  of  the  normal  group  When  they  occur  together,  ii 
equally  developed,  the  resulting  solid,  though  having  two  unlike  sets  of  ii\c*% 
cannot  be  distinguished  geometrically  from  the  square  pyramid  (111). 

In  the  species  chalcopyrite,  which  belongs  to  this  group,  the  deviation  in 
angle  and  in  axial  ratio  from  the  isometric  system  is  very  small,  and  hence 
the  unit  sphenoid  cannot  by  the  eye  be  distinguished  from  a  tetrahedruii 
(compare  Fig.  187  with  Fig.  128,  p.  47).  For  this  species  d  =  0*985  (insteal 
of  I,  as  in  the  isometric  system),  and  the  normal  sphenoidal  angle  is 
108°  40',  instead  of  109°  28',  the  angle  of  the  tetrahedron.  Hence  a  crjsial 
with  both  the  plus  and  minus  sphenoids  equally  developed  closely  resembles  a 
regular  octahedron. 

In  Fig  188  the  diametral  pyramids  e  (101)  and.2:  (201)  are  also  preseut, 
also  the  base  c  (001). 

104.  Tetragonal  Scalenohedron. — The  sphenoidal  symmetry  yields  another 
distinct  type  of  form,  that  shown  in  Fig.  186.     It  is  bounded  by  eight  similar 

235^  1S5  scalene  triangles,  and  hence  is  called  a 

tetragonal  scalenohedron;  the  general 
symbol  is  (hkl).  The  faces  of  the  com 
plementary  plus  and  minus  forms  embrace 
all  the  faces  of  the  di tetragonal  pyramil 
This  form  appears  in  combination  in 
chalcopyrite,  but  is  not  observed  inot- 
pendently.  '  In  Fig.  189  the  form  s  (531) 
18  the  plus  tetragonal  scalenohedron. 

106.  Other  Forms.— The  other  forms 
of  the  group,  namely,  the  two  square 
prisms,  the  ditetragonal  prism,  and  ilic 
two  square  pyramids  {h?if)  and  (hOl),  are 
geometrically  like  those  of  the  normal  group.  The  lower  symmetry  in  tlie 
molecular  structure  is  only  revealed  by  special  investigation,  as  by  etching. 


187. 


188. 


189. 


ngs.  187-189,  Chftlcopyrile. 
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106.  The  trapezohedral  group  is  analogous  to  the  plagihedral  group  under 
the  isometric  system ;  it  is  characterized  by  the  absence  of  any  plane  or  center 
of  symmetry ;  the  vertical  axis,  however,  is  an  axis  of  tetragonal  symmetry,  and 
perpendicular  to  this  there  are  four  axes  of  binary  symmetry.  The  distribu- 
tion of  the  faces  of  the  general  form  (hkl)  is  shown  in  the  spherical  projection. 


191. 


Fig.  190,  and  Pig.  191  gives  the  resulting  solid,  a  tetragonal  trapezohedron. 
The  complementary  right-  and  left-handed  forms  embrace  all  the  faces  of  the 
ditetragonal  pyramid  of  the  normal  group.    These  two  forms  are  enantiomor- 
phousy  and  the  salts  belonging  to  this  group  show  circular  polarization. 
Phosgenite  (p.  364)  probably  belongs  to  this  group  (Goldschmidt). 

7.  TETARTOHEDRAL  GROUP  (12). 

107.  Symmetry.— The  seventh  and  last  possible  group  under  this  system 
has  no  plane  nor  center  of  symmetry,  but  the 
vertical  axis  is  an  axis  of  binary  symmetry. 
The  distribution  of  the  faces  of  the  general  form 
(hkl)  is  shown  on  the  sphere  of  projection  (Fig. 
192),  and  the  solid  resulting  is  a  sphenoid  of  the 
third  order.  There  are  also  three  other  possible 
forms  complementary  to  this,  and  the  four  are 
respectively  distinguished  as  right  (+  and  — ) 
and  left  (+  and  — ).  These  four  together  em- 
brace all  the  sixteen  faces  of  the  ditetragonal 
pyramid.  The  other  characteristic  forms  of  this 
group  are  the  prism  of  the  third  order  (hkO),  the 
pins  and  minus  sphenoids  of  the  first  order  (111), 
and  also  those  of  the  second  order  (101).  This 
group  has  no  known  representative. 

Mathematical  Relations  of  the  Tetragonal  System. 

IDS.  Choice  of  Axes. — It  Appears  from  the  discussion  of  the  symmetry  of  the  Fcveii  groups 
of  this  system  that  with  all  of  them  the  position  of  the  verlical  axis  is  fixed.  In  groups  1.  2, 
however,  where  tliere  are  two  sets  of  vertical  planes  of  symmetry,  either  set  may  be  made 
the  axial  planes  and  the  other  the  diagonal  planes.  The  choice  between  these  two  posKible 
positions  of  the  lateral  axes  is  guided  patticiilarly  by  the  habit  of  the  occurring  cr^'sals 
and  the  relations  of  the  given  species  to  others  of  similar  form. 
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109.)  DeUrminatioB  of  tht  Azlal  Batio,  •te.— The  following  relations  serre  to  connect 
I  axUl  ratio,  that  is,  the  length  of  the  vertical  axis  h,  when  a  s=  1,  with  the  fundameuui 
an^M  (001  A  101)  and  (001  a  HI): 

tan  (001  A  101)  =  4;  tan  (001  A  HI)  X  |i^=  ^  ^ 

For  faces  In  the  same  rectangular  zone  the  tangent  principle  applies.    The  most  impor- 
tant cases  (of.  Fig.  171)  are: 

tan  (001  A  ^0^)       A. 


tan  (001 

A  101) 

"  r 

tan  (001 

AOkl) 

k 

tan  (001  A  Oil) 

-  i' 

tau(001 

A  Mil) 

h 

tan  (001  A  HI) 

"r 

For  the  prisms 

tan 

(010  A  *«))  =  p 

or 

tan 

ton  (100  A  AJfcO)  sr  i. 

A 

110.  Other  Calealattons.— It  will  be  noted  that  in  the  spherical  projection  (Fig,  171)  all 
those  spherical  triangles  are  riglit-augled  whicli.are  formed  by  great  circles  (diameters)  which 
meet  the  prismatic  zooe-cirele  100,  010.  100,  010.  Again,  all  those  formed  by  great  circjcj 
drawn  between  100  and  100,  or  010  uud  UlO,  aud  crossing  respectively  tbe  zoue-circles  100, 
001,  100.  or  010,  001,  010.  Also,  all  those  formed  by  great  cjrcles  drawn  between  110  ani 
ilO  and  crossing  the  zone-circh  110,  001,  110,  or  between  110  aud  110  and  crossing  the 
zi>ne-circle  110,  001,  110. 

These  spherical  triangles  may  hence  be  readily  used  to  calculate  any  angles  desired;  for 
example,  the  angles  between  the  pole  of  auy  fact*,  as  hkl  (say  821 ),  and  the  pinacoids  li^>. 
010.  001.  The  terminal  auglea  (:r  and  z.  Fig.  166)  of  the  ditetragoual  pyramid.  212  a  21:' 
(or  813  A  818,  etc.),  and  212  A  122  (or  818  A  188,  etc.),  can  also  be  obtained  in  the  samt! 
way.  The  zonal  relations  give  the  symbols  of  the  poles  on  the  zones  001.  100  and  001.  W^ 
for  the  given  case.  For  example,  the  zonccircle  110,  818,  188.  110  meets  110.  001, 110  ai 
the  pole  223,  and  the  calculated  angle  818  a  223  is  half  the  angle  818  A  188.  If  a  \9xi^ 
number  of  similar  angles  are  to  be  calculated,  ills  more  convenient  to  use  a  formula. 
as  that  given  below. 

111.  Ftrnmlas.— It  is  sometimes  convenient  to  have  the  nonnal  Interfacial  angles 
expressed  directly  in  terms  of  ihe  axis  h  and  the  indices  A,  k,  and  I,    Thus : 

(1)  The  distances  of  the  pole  of  any  face  P  (hkl)  from  the  pinacoids  a  (100)  =:  Pa, 
b  (010)  =  P5,  c  (001)  =  Pc  are  given  by  the  following  equations : 

These  may  also  be  expressed  in  the  form 

Un»Pa  =  ^^:    ta„.p»  =  *!^..    U«.P.=  *!^±^. 

(2)  For  the  distance  between  the  poles  of  any  two  faces  (hJU),  (pgr),  we  have  ii 
general 

i/[(A«  -H  k*)c*  +  l*][{p*  +  y<)c»  +  r«]  • 

The  above  equations  take  a  simpler  form  for  special  cases  often  occurring;  for  example, 
for  hkl  and  the  anele  of  the  edge  y  of  Fig.  166. 

112.  PrismaUo  Angles. — The  angles  for  the  commonly  occurring  ditetragonal  pi*isms  ai« 
as  follows: 

Angle  on 

m  (110.  /) 

li""    21' 

11    18J 

8     7} 


Angle  on 
a  (100,  t-0 

Angle  on 

Angle  on 
a  (100,  i-i) 

m  (110,  /) 

410,  i4 

14-    2i' 

80°  57f 

680.  i-i 

80*  57f 

810.  « 

18    26 

26    84 

820.  t-l 

88    4U 

210.  t-.2 

26    84 

18    26 

430,  it 

36    52i 
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m.    HEXAGONAL  SYSTEM. 

113.  The  Hexaoonal  System  includes  all  the  forms  which  are  referred 
to  fonr  axes,  three  equal  lateral  axes  in  a  common  plane  intersecting  at  angles 
of  60*",  and  a  fourth,  vertical  axis,  at  right  angles  to  them. 

Two  sections  are  here  included,  each  embracing  a  number  of  distinct 
1,'roups  related  among  themselves.  Thej  are  called  the  Hexagonal  Division 
and  the  Trigonal  (or  Rhombohedral)  Division,  The  symmetry  of  the  former, 
about  the  vertical  axis,  belongs  to  the  hexagonal  type,  that  of  the  latter  to  the 
trigonal  type. 

Miller  (1852)  referred  all  the  forms  of  ihe  hexagoual  system  to  three  eqnal  axes  parallel 
to  the  faces  of  the  fundamental  rhombohedrou,  and  hence  intersecting  at  equal  angles,  not 
^) .  This  method  (further  explained  in  Art.  168)  has  the  disadvantage  of  failing  to  brine 
oiu  ihe  relationship  between  the  normal  hexatroual  and  tetragonal  types,  both  characterized 
by  a  principal  axis  of  symmetry,  which  (on  the  system  here  adopted)  is  the  vertical 
riystalioKraphic  axis.  It  further  gives  different  symbols  to  faces  which  are  crystallo- 
gnipbicaTiy  identical.  It  is  more  natural  to  employ  the  three  rhombohedral  axes  for 
trigonal  forms  only,  as  done  by  Groih  (18M),  who  includes  these  groups  in  a  Trigonal 
SynUm;  but  this  also  hius  some  disadvantages. 

114.  Oroups. — There  are  five  possible  groups  in  the  Hexagonal  Division. 
Of  these  the  normal  group  is  much  the  most  important,  and  two  others  are 
also  of  importance  among  crystallized  minerals. 

In  the  Trigonal  Division  there  are  seven  groups;  of  these  the  rhombo- 
hedral group  or  that  of  the  Calcite  Type  is  by  far  the  most  common,  and 
tiiree  others  are  also  of  importance. 

115.  Axes  and  Symbols. — The  position  of  the  four  axes  taken  is  shown  in 
Fig.  193;  the  three  lateral  axes  are  called  n,  and  the  vertical  axis  is  6, 
Further,  when  it  is  desirable  to  distinguish 
iKtween  the  lateral  axes  they  may  be  designated 
/?.,  fl,,  rt,.  The  general  position  of  any  plane  on 
the  method  of  Bravais  (who  adapted  the  system 
of  Miller  to  this  system)  may  be  expressed  in  a 
manner  analogous  to  that  applicable  in  the  other 
systems,  viz. : 


193. 

1+' 


A 


1111, 

The  corresponding  indices  for  a  given  plane  are 
then  hy  k,  i,  I;  these  always  refer  to  the  axes 
named  in  the  above  scheme : 

It  is  found  convenient  to  consider  the  axis  a, 
a^  negative  in  front  and  positive  behind,  hence  the  general  symbol  is  hkU. 
Fartlier,  as  following  from  the  angular  relation  of  the  three  lateral  axes,  it 
can  be  readily  shown  to  be  always  true  that  the  algebraic  sum  of  the  indices 
/",  X',  I,  is  equal  to  zero: 

h  +  k+  i  =  0. 

The  general  expression  for  any  plane  in  accordance  with  the  system  of 
Xanmann  is 

na  :  pa  :  —  a  :  ma. 
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n 


Here  it  is  always  true  that  p  =  r.    The  shortened  form  for  the  aboxe 

n  —  1 

expression  as  adopted  by  Naumann  is  mPn. 

The  relation  of  Miller's  indices  to  those  of  Naumann  is  obvious  if  for  a  given  pl&ne 
with  the  symbol,  say,  2131  the  parameters  are  given  in  full,  namely: 


(1) 


•^a,  :  la, :  —  -Oi :  li. 


This  is  equivalent  (after  multiplying  by  8)  to 


(2) 


3 


^ai  :  3a,  :  -  1  at :  Si. 


Here  m  w  8^  ^  "»  -o  *  uid  the  value  of  p  is  8.    The  symbol  is  hence 

9 


ZpL  or  8.?.. 


A.    Hexagronal  Division. 

1.  NORMAL  GROUP  (13).  BERYL  TYPE. 

116.  Symmetry. — Crystals  belonging  to  the  normal  group  of  the  Hexagonal 
Division  have  one  principal  plane  of  symmetry,  the  plane  of  the  lateral  axes : 
also,  normal  to  this  and  meeting  in  the  vertical  axis  at  angles  of  30°,  six  otlit^ 
planes  of  symmetry,  like  three-and-three.     Those  of  one  set  pass  through  the 


194. 


lateral  axes  a,  a,  a  (Figs.  195,  198)  and  are 
lience  parallel  to  the  faces  of  the  form  (1010) 
letterea  w,  as  in  Pig.  208.  The  others  are 
diagonal  to  the  first  set  (Figs.  196, 198)  and  are 
parallel  to  the  faces  of  the  form  (ll20)  lettered 
a,  Fig.  208. 

Further,  these  crystals  have  one  principal 
axis  of  hexagonal,  or  sixfold,  symmetry,  the 
vertical  crystallographic  axis  ;  also  six  hori- 
zontal axes  of  binary  symmetry ;  three  of  these 
coincide  with  the  lateral  crystallographic  axes, 
the  others  are  diagonal  to  them.  The  symmetry 
of  this  group  is  exhibited  in  the  accompanying 
spherical  projection,  Fig.  194,  and  by  the 
figures  in  the  following  paees  from  195  to  209. 

The  analogy  between  this  group  and  the  normal  group  of  the  tetragonal 
system  is  obvious  at  once  and  will  be  better  appreciated  as  greater  familiarity 
is  gained  with  the  individual  forms  and  their  combinations. 

117.  Forms. — The  possible  forms  in  this  group  are  as  follows  : 


1.  Base .. 

2.  Unit  prism,  or  prism 

of  the  first  order 


Miller-Bravais. 
.(0001)  00  a 


ooa  :  oQaic 


I  ....(lOlO) 


Naumann. 
OP  or  OyC 


01  the  second  order         \  ^        ' 


aicoat^aicoc         toPoTl,m 
2a  :2a:  ^az  COG       co P2 or t-2, a 
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MlDer-BravaiB.  Naumano. 

I.  Dihexagonal  prism {hklO)  na  :pa  :  —  a  :ooc       oo Ffi  or  i-n 

as,  (2l30)  Ja  :  3a  :  —  a  :  00  c      oo  P  j  or  »- j 

''  ^^oTfirst^fde^  '''''^'  i  •  •  •  (*^*^>  a  :  00  a  :  -  a  :  7n.  mP  or  m 

IS.  (1011)  a:ooa:  —  a:c    Porl;  also  202l  (a  :  oo  a  :  —  a  :  2c)       2P  or  2 

■••  ""S  of7h?ttd ;r ■  [  (*-^*-^^0        2«  :  2a  :  -  a : „.     .P2  or  .-2 
as,  (1122)  2a  :  2a  :  -  a  :  c    P2  or  1-2 

' '  ^t^^l^Xi^r"^^^"'  \ (^'*«)         na.pa:^a:  mc        mPn  or  m^n 

as,  (2l3l)  |a  :  3a  :  -a  :  3c      3Pi  or  S-f 
In  the  above  A  >  i,  and  A  +  A  =  —  i. 

Il8  Baae — The  iasBy  or  hasal  pinacoid,  includes  the  two  faces,  0001  and 
^001,  parallel  to  the  plane  of  the  lateral  axes  It  is  uniformly  designated  by 
the  letter  c;  see  Figs.  195  et  seg. 

119.  Prisms,  unit  Prism. — There  are  three  types  of  prisms,  or  forms  in 
which  the  faces  are  parallel  to  the  vertical  axis. 

The  tinti  prism,  or  prism  of  the  first  order.  Fig.  195,  includes  six  faces, 
eaci)  one  of  which  is  parallel  to  the  vertical  axis  and  meets  two  adjacent  lateral 
axei  at  equal  distances,  while  it  is  parallel  to  the  third  lateral  axis.  It  has 
lience  the  general  symbol  (lOlO)  and  is  uniformly  designated  by  the  letter  m; 
its  six  faces,  taken  in  order  (see  Figs.  195  and  209),  are: 

lOlO,    Olio,    1100,    1010,    Olio,    lIOO. 

120.  Diagonal  Prism. — The  diagonal  prism,  or  prism  of  the  second  order, 
¥\2  19€.  ha?  six  faces,  each  one  of  which  is  parallel  to  the  vertical  axis,  and 
mcet^  the  three  lateral  axes,  the  two  alternate  at  the  unit  distance,  the  other 
ai  one-half  thi&  distance;  or,  which  is  the  same  thing,  it  meets  the  last-named 
a^iji  at  the  unit  distance,  the  others  at  double  this  distance.*  The  general 
svvir.bo:  is  (ll30)  and  it  is  uniformly  designated  by  the  letter  a;  the  six  faces 
(see  Figs  196  and  209)  in  order  are  : 

1120.     1210,    3110,    IT20,    1510,    2ll0. 

The  unit  prism  and  the  diagonal  prism  are  not  to  be  distinguished  geo* 
nietrically,  each  being  a  regular  hexagonal  prism  with  normal  interfacial  angles 
<A  60"^.  They  are  related  to  each  other  in  the  same  waj  as  the  two  square 
prisms  m  (110)  and  a  (IOC)  of  the  tetragonal  system. 

The  relation  in  position  between  the  unit  prism  (and  pyramids)  on  the  one 
ijariu  and  the  diagonal  prism  (and  pyramids)  on  the  other  will  be  understood 
:e:te.  fron.  Fig.  198,  representing  a  cross-section  parallel  to  the  base  c, 

12  L  Dihexagonal  Prism. — The  dihexaffonal  prism,  Fig.  197,  is  a  twelve-sided 
[•rism  bounded  b}  twelve  faces,  each'  one  of  which  is  parallel  to  the  vertical 
'ixis,  and  also  meets  two  adjacent  lateral  axes  at  unequal  distances  the  ratio 
of  which  always  liei  between  1  : 1  and  1  .  2  (see  2  p.  66)  This  prism  has  two 
•n:like  edges,  lettered  x  and  y,  as  shown  in  Fig  197.  The  general  symbol  is 
(UiO),  and  the  faces  of  a  given  form,  as  (2l30),  are : 

2l30,     1230,     1330,     23lO      32iO,     Sl20, 
3130      1230.     1320,     2310.     3211,     3l30. 

•  Since  loi :  lat :  -  ^a, :  aof!  is  equivalent  lo  2ai  •  2nn :  -^  Ia,  :ooh. 
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197. 


HOC 


l-T 


1(^ 


>, 


ono 

I 

i 


^ _  ;a-..^ 


alo 


1^0 


1210 


1^ 

-  !oo?i!^ 

-^ 

j 

■  i  ^ 

- 

1 

81^ 

j  i 

Pyramids.    Unit  Pyramids.— Corresponding  to  the  three  types  of 
prisms  just  mentioned,  there  are  three  types  of  pyramids. 

A  unit  pyramid^  or  pyramid  of  the  first  order,  Fig.  199,  is  a  form  bounded 
by  twelve  similar  triangular  faces— six  above  and  six  below — which  have  the 
same  position  relative  to  the  lateral  axes  as  198. 

the  faces  of  the  nnit  prism,  while  thej  also 
intersect  the  ^vertical  axis.  The  general  symbol 
is  hence  {hohl).  The  faces  of  a  given  form,  as 
(10!l),  are: 

Above  1011,  OlTl,  IlOl,  lOll,  0111,  lIOl. 

Below  lOll,  Gill,  IlOl,  lOl!,  0111,  llol. 
On  a  given  species  there  may  be  a  number 
of  unit  pyramids,  differing  in  the  ratio  of  the 
lateral  to  the  vertical  axis,  and  thus  forming  a 
zone  between  the  base  (0001)  and  the  faces  of 
the  nnit  prism  (1010).  Their  sjrmbols,  passjng 
from  the  base  (0001)  to  the  unit  prism  (1010), 
would  be.  for  example,  1014,  10l2,  2023,  lOTl,  3052,  20Sl,  etc.  In  Pig.  202, 
the  faces  o  and  8  are  unit  pyramids  and  they  have  the  symbols  respectivelv 
(lOll)  and  (203l),  here  d  =  1-014.    In  Fig.  205, p  is  the  unit  pyramid  (lOll); 


199. 


200. 


201. 


here  i  =  0*50.  As  shown  in  these  cases  the  faces  of  the  unit  pyramids  replace 
the  edges  of  the  nnit  prism.  On  the  other  hand,  they  replace  the  solid  angles 
of  the  diagonal  prism  a  (1120)  as  shown  in  Fig.  204. 
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123.  Diagonal  Pyramids.  —  The  diagonal  pyramid y  or  pyramid  of  the 
second  order  (Fig.  200),  is  a  double  six-sided  pyramid  including  the  twelve 
similar  faces  which  have  the  same  position  relative  to  the  lateral  axes  as  the 
laces  of  the  diagonal  prism,  and  _ which  also  intersect  the  vertical  axis.  They 
have  the  general  symbol  {h  'h'2h'l).  The  symbols  of  the  faces  of  the  form 
(1122)  are : 

Above  llS2,    12!2,    3ll2,     Il22,     l3l2,    2!l2. 
Below  1123,    1212,    3ll3,    Il22,    l2l3,    2lI2, 

The  faces  of  the  diagonal  pyramid  replace  the  edges  between  the  faces  of 
the  diagonal  prism  and  the  base.  Further,  they  replace  the  solid  andes  of  the 
unit  prism  m  (lOlO).  There  may  be  on  a  single  crystal  a  number  of  diagonal 
pyramids  forming  a  zone  between  the  base  c  (0001)  and  the  faces  of  the  diagonal 
prism  a  (ll30),  as,  naming  them  in  order:  1134,  ll32,  22i3,  ll3l,  etc.  In 
Fig  205,  0,  s  are  the  diagonal  pyramids  (ll32)  and  (ll3l). 


202. 


aoc 


206. 


Hankslte. 


"ky 


ConnelUte. 


BeryL 


124.  Dihezagonal  Pyramid. — The  dihexagonal pyramid,  Fig.  201,  is  a  double 
twelve-sided  pyramid,  having  the  twenty-four  similar  faces  embraced  under 
the  general  symbol  (hkil).  It  is  bounded  by  twenty -four  similar  faces,  each 
meeting  the  vertical  axis  and  having  a  ratio  for  the  intercepts  on  two  adjacent 
lateral  axes  between  1 : 1  and  1  : 2  (cf.  the  general  symbol  (2)  g^ven  in  Art. 
115).  Thus  the  form  (2l3l)  includes  the  following  twelve  faces  in  the  upper 
half  of  the  crystal : 

2l5l,     1251,    I32l,    3311,     3211,     3121, 
3131,    1331,     1321,    2311,     3311,     3l3l. 

And  similarly  below  with  I  (here  1)  negative,  21 31,  etc.  The  dihexagonal 
pvramid  is  often  called  a  herylloid  because  a  common  form  with  the  species 
beryl.     In  Fig  206,  w  is  the  herylloid  (1 1  •  2  •  15  •  3). 

126.  Combinations.— Fjg.  207  of  beryl  shows  a  combination  of  the  base 
r(OOOl)  and  prism  m  (1010)  with  the  unit  pyramids  »  (1011)  and  u  (203l); 
the  diagonal  pyramid  s  (ll3l)  and  the  berylloids  v  (2131)  and  n  (3lll).  Both 
the  last  forms  lie  in  a  zone  between  m  and  «,  for  which  it  is  true  that  k  =  L 
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The  basal  projection  of  a  similar  crystal  shown  in  Fig.  208  is  very  instnictiYe 
as  exhibiting  the  symmetry  of  the  normal  hexagonal  group.     This  is  also  true 


206. 


207. 


m 


Conaellite. 


Beryl. 


Beryl. 


of  the  spherical  projection  in  Fig.  209  of  a  like  crystal  with  also  the  form 
0  (1122). 


209 


1010 
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2.  HEMIMOBPHIC  GROUP  (14)     lODyRITE  TYPE. 

126.  Symmetry.— This  group  differs  from  the  normal  group  only  in  having 

ao  transverse  plane  of  principal  symmetry  and  no  horizontal  axes  of  binary 

ivmmetry.    It  has,  however,  the  same  two  sets  of  planes  of  symmetry  meeting 

*    210  211.  at  angles  of  30^  in  the  vertical 

axis  which  is  an  axis  of  hex 
agonal  symmetry.  There  is  no 
center  of  symmetry.  The 
symmetry  is  exhibited  in 
the  spherical  projection,  Fig 
210. 

127  Formt.  —  The  forms 
belonging  to  this  group  are 
the  two  basal  planes,  0001  and 
OOOT,  here  distinct  forms,  the 
plus  (upper)  and  minus 
(lower)  pyramids  of  each  of 
lody rile.  the  three  types ;  also  the  three 
]jrisms,  which  last  do  not  differ  geometrically  from  the  prisms  of  the  normal 
jroop.  An  example  of  this  group  is  found  in  iodyrite,  or  silver  iodide,  Fig 
Vl  1 ;  here  u  =  (40ll),  tt  =  (4045),  /3  =  (9-9-I8-S0).  Greenockite  and  wurtzite, 
:.U(}  ^incite  (Fiff  50,  p.  18)  are  classed  here,  but  there  is  some  reason  for 
tielievmg  that  these  species  belong,  with  tourmaline,  to  the  corresponding 
group  under  the  trigonal  (rhombohedral)  division. 
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3   PYRAMIDAL  OjROUP  (15).    APATITE  TYPE. 

128.  Typical  Forms  and  Symmetry. — This  group  is  important  because  it 
ii. eludes  the  common  species  of  the  Apatite  Group,  apatite,  pyromorphite, 
niimetite,  vanadinite.  The  typical  form  is  the 
Lt^xagonal  prism  (hktO)  and  the  hexagonal  pyra- 
Tuiii  {hkil)f  each  designated  as  of  the  third  order. 
These  forms  are  shown  in  Figs.  213  and  214. 
They  and  the  other  forms  of  the  g^'oup  have  only 
"lie  plane  of  symmetry,  the  plane  of  the  horizontal 
nxi^*-,  and  also  one  axis  of  hexagonal  symmetry 
I  the  vertical  axis). 

The  symmetry  is  exhibited  in  the  spherical 
]»rojection  ^Fig.  212).  It  is  seen  here,  as  in  the 
t::r-tres  of  crystals  given,  that,  like  the  pyramidal 
jronp  under  the  tetragonal  system,  the  faces  of 
\}e  general  form  {hkU)  present  are  half  those 
belonging  to  each  sectant,  and  further  that  those  above  and  below  fall  in 
i^ame  vertical  zone. 

129.  Prism  and  Pyramid  of  the  Third  Order.— The  prism  of  the  third  order 
fFig.  213)  has  six  like  faces  embraced  under  the  general  symbol  {hklO),  and 
the  form  is  a  regular  hexagonal  prism  with  angles  of  60%  not  to  be  distinguished 
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geometrically,  if  alone,  from  the  other  hexagonal  prisms  ;  cf.  Figs.  195,  196, 
p.  68     The  six  faces  of  the  right-handed  form  (2l30)  have  the  symbols 
2l50,    1320,     3210,     2130,     l320,    32lO. 
The  faces  of  the  complementary  left-handed  form  have  the  symbols  : 

12S0,    33iO,     5X20,     1230,    2310,     3l20. 
These  two  forms  together  embrace  all  the  faces  of  the  dihexagonal  prism 
(Fiff.  397). 

The  pyramid  is  also  a  regular  hexagonal  pyramid  of  the  third  order,  luid  m 
lU  relations  to  the  other  hexagonal  pyramids  of  the  group  (Figs.  199,*^00)  it  is 
analogous  to  the  square  pyramid  of  the  third  order  met  with  in  the  correspono. 
ing  group  of  the  tetragonal  system  (see  Art.  98).  The  faces  of  the  right 
handed  form  (2l33)  are  : 

Above  2133,    l323,    3213,    2133,    l323,    32l3. 

Below  2133,    1323,    3213,    2133,    1323,    32T3. 

There  is  also  a  complementary  left-handed  form,  which  with  this  embraces 

all  the  faces  of  the  dihexagonal  pyramid.     The  cross  section  of  Fi^.  215  shovs 

in  outline  the  position  ot  the  unit  prism,  and  also  that  of  the  right-handed 

prism  of  the  third  order. 

213.  214.  216. 


h) 

Apatite.  Apatite.  ApHiiie. 

The  prism  and  pyramid  just  described  do  not  often  appear  on  crystals  as 
predominating  forms,  though  this  is  sometimes  the  case;  for  example.  Fig.  'JIT 
shows  a  crystal  of  apatite  in  which  the  prominent  pyramid  a*  is  a  pyramid  of 
the  third  order  (2131).  Commonly  these  faces  are  present  modifying  other 
fundamental  forms,  and  their  character  is  obvious  from  their  position  relatively, 
for  example,  to  the  unit  prism  m  (1010). 
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130.  Other  Fonas. — The  remaiuing  forms  of  the  group  are  geometrically 
Jike  those  of  the  normal  group,  viz.,  the  base  (0001) ;  the  unit  prism  (lOlO) ; 
the  diagonal  prism  (llSO);  the  unit  pyramids  {hOhl);  and  the  diagonal  pyra- 
mids (h'h"ZTi'l),  That  their  molecular  structure  is  the  same  is  readily 
pro?ed,  for  example  by  etching.  In  this  way  it  was  shown  that  pyromorphite 
and  mimetite  belong  in  the  same  group  with  apatite  (Baumhauer),  though 
crystals  with  the  typical  forms  have  not  been  observed. 

131.  Typical  crystals  of  apatite  are  given  in  Figs.  216, 217,  and  218  (a  basal 
section).  They  show  the  third-order  prisms  k  (4150),  h  (21 50),  A,  (1250),  and 
the  tbird-order  pyramids,  right,  /i  (2l3l),  n  (3lJl),  q  (437l),  o  (3ll2),  left, 
t  (1232);  also  the  unit  pyramids  r  (10l2),  x  (lOll),  y  (203l),  z  (305l);  the 
diagonal  pyramids  v  (1122),  a  (llSl);  finally,  the  prisms  m  (lOlO),  a  (ll30), 
and  the  base  c  (0001). 

4.  PYEAMIDAL-HEMIMORPHIC  GROUP  (16).    NEPHELITE  TYPE. 

132.  Symmetry. — A  fourth  group  under  the  hexagonal  system,  the  pyra- 
midd'hemimorphic  group,  is  like  that  just  described,  except  that  the  forms  are 
bemimorphic.  The  single  horizontal  plane  of  symmetry  is  absent,  but  the 
yertical  axis  is  still  an  axis  of  hexagonal  symmetry.  This  symmetry  is  shown 
in  the  soherical  projection  of  Pig.  219.  The  typical  form  would  be  like  the 
tipper  half  of  Fig.  2 14  of  the  pyramid  of  the  third  order.  The  species  nephelite 
is  shown  by  the  character  of  the  etching-figures  (Fig.  220,  Groth  after  Baum- 
baaer)  to  belong  here. 

219.  220. 


Nephelite. 
5.  TRAPEZOHEDRAL  GROUP  (17). 

188.  Symmetry. — The  last  group  of  this  division  is  the  trapezohedral  group. 
i  has  no  plane  of  symmetry,  but  the  vertical  axis  is  an  axis*  of  hexagonal 
221.  222. 
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symmetry,  and  there  are,  further,  six  horizontal  axes  of  binary  symmetry.  There 
is  no  center  of  symmetry.  The  distribution  of  the  faces  of  the  typical  form 
(hkll)  is  shown  in  the  spherical  proiection  (Fig.  221).  The  typical  forms,  the 
right  and  left  hexagonal  trapezohedrons  (see  l^ig.  222),  are  enautiomorphoas, 
and  the  few  crystallized  salts  falling  in  this  group  show  circular  polarization. 
The  symbols  oi  the  right  form  (2lS3)  are  as  follows  : 

Above  2lS3,     l323,     3213,    3l33,     l523,     32l3. 

Below  1255,    3313,    5l25,    1335,    25l5,    3135. 

B.    Trigonal  or  Rhombohedral  Division. 

134.  Oeneral  Character. — As  stated  on  p.  65,  the  groups  of  this  diyision 
are  characterized  by  a  vertical  axis  of  trigonal,  or  threefold,  symmetry.  There 
are  seven  groups  here  included  of  which  the  group  of  the  Galcite  'type  is  by 
far  the  most  important. 

136.  Trigonotype  Oroup. — The  first  group  (18),  that  which  has  strictly  the 

nighest  grade  of  symmetry^  has 
no  known  representatives  amoi;^ 
crystals,  natural  or  artificial.  I: 
has,  besides  the  vertical  axis  of 
trigonal  symmetry,  three  hori. 
zontal  axes  of  binary  symmetrv. 
There  are  four  planes  of  sym- 
metry, one  horizontal,  and  tliree 
others  intersecting  at  angles  of 
60°  in  a  vertical  axis.  The  clmr- 
acteristic  forms  are  the  trigonal 
prism  and  pyramid  and  di trigonal 
prism  and  pyramid.  The  sym- 
metry is  Exhibited  in  Fig.  223.  The  typical  form  (Fig.  224)  is  a  double 
ditrigonal  pyramid  with  terminal  edges  aliKe  in  alternate  sets  of  three  each. 
This  form  may  be  compared  to  a  scalenohedron  twinned  about  the  vertical  axis. 

2.  RHOMBOHEDRAL  GROUP  (19).    CALCITE  TYPE. 

136.  Typical  Forms  and  Symmetry.— The  typical  forms  of  the  rhombohedra} 
group  are  the  rhombohedron  (Fig.  226)  and  the  scalenohedron  (Fig.  242). 
These  forms,  with  the  spherical  projection,  Figs. 
225  and  252,  illustrate  the  symmetry  character- 
istic of  the  group.  By  comparing  Fiar.  252  with 
Fig,  209,  p.  70,  it  will  be  seen  that  all  the  faces 
in  half  the  sectants  are  present.  This  group  is 
hence  analogous  to  the  tetrahedral  group  of  the 
isometric  system,  and  the  sphenoidal  group  of  the 
tetragonal  system. 

In  this  group  there  are  three  planes  of  sym- 
metry only;  these  are  diagonal  to  the  crystallo- 
graphic  axes  and  intersect  at  angles  of  60^  in 
the  yertical  crystallographic  axis.  This  axis  is 
with  these  forms  an  axis  of  trigonal  symmetry; 
there  are,  further,  three  horizontal  axes  of  binary  symmetry. 
225,  also  Fig.  226  ef  seq. 
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137.  KhomboliedrQii. — Geometrically  described^  the  rhombohedron  is  a  eolicl' 
bounded  by  six  like  faces,  each  a  rhomb.  It  has  six  like  lateral  edges  formiug: 
a  zigzag  line  about  the  crystal,  and  six  like  terminal  edges,  three  above  and 
three  in  alternate  position  below.  The  vertical  axis  joins  the  two  trihedral 
solid  angles,  and  the  lateral  axes  join  the  middle  points  of  the  opposite  sides, 
aS  shown  in  Fig.  226. 

The  general  symbol  of  the  rhombohedron  is  (hOhl),  and  the  successive  faces 
of  the  unit  form  (lOll)  have  the  symbols  : 

Above,  lOll,  IlOl,  0111;  below,  OlII,  lOlI,  llOl. 
The  geometrical  shape  of  the  rhombohedron  varies  widely  as  the  angles 
change,  and  consequently  the  relative  length  of  the  vertical  axis  d  (expressed 
in  terms  of  the  lateral  axes,  a  =  1).  As  the  vertical  axis  diminishes,  the 
rhombohedrons  become  more  and  more  obtuse  or  flattened;  and  as  it  increases 
they  become  more  and  more  acute.  A  cube  placed  ^ith  an  octahedral  axis 
vertical  is  obviously  the  limiting  case  between  the  obtuse  and  acute  forms 
where  the  interfacial  angle  is  90".  In  Fig.  226  of  calcite  the  normal  rhombo- 
hedral  angle  is  74°  55'  and  6  =  0*854,  while  for  Fig.  228  of  hematite  this  angle 
is  94°  and  i  =  1-366.  Further,  Figs.  229-234  show  other  rhombohedrons  of 
calcite,  namely,  e  (0112),  0  (0554),  /  (0231),  3f  (4041),  and  v  (13-0-I3-1), 
9  (16-0l6'l),  here  the  vertical  axes  are  in  the  ratio  of  |,  f,  2,  4,  13,  16,  to  that 
of  the  fundamental  (cleavage)  rhombohedron  of  Fig.  226,  whose  angle  deter- 
mines the  value  of  6, 

226.  227.  228. 


138.  Plus  and  Minus  Ehombohedrons. — To  every  plus  rhombohedron  there 
may  be  an  inverse  and  complemei)tary  form,  identical  geometrically,  but 
bouiuled  by  faces  falling  in  the  alternate  sectants.  Thus  the  minus  form  of 
the  unit  rhombohedron  (Oil I)  shown  in  Fig.  227  has  the  faces: 

Above,  Olll,    Ion,     lIOl;         below,  1101,     OllI,     lOlI. 

The  position  of  these  in  the  spherical  projection  (Fig.  252)  should  be 
carefully  studied;  see  also  Fig.  262.  Of  the  figures  already  referred  to.  Figs. 
e26,  228.  232,  233  are  plus,  and  Figs.  227,  229,  230,  231  minus,  rhombohe- 
drons; Fig.  234  shows  both  forms. 

It  will  be  seen  that  the  two  complementary  plus  and  minus  rhombohedrons 
of  given  axial  length,  that  is,  of  given  angle,  e.g.,  1011  (-{-  R)  and  0111  (—  /?), 
together  embrace  all  the  like  faces  of  fhe  double  six-sided  pyramid.  When 
these  two  rhombohedrons  are  equally  developed  the  form  is  geometrically 
identical  with  this  pyramid.  This  is  illustrated  by  Fig.  237  of  gmelinite 
r^(lOll),  p  (Olll)  and  by  Figs.  266,  267,  p.  83,  of  quartz,  r  (lOll),  z  (Olll).* 

*  Qnnrtz  serves  as  a  convenient  illustration  in  lliis  case,  none  the  less  so  notwithstanding 
ibe  fact  that  it  belongs  to  the  trapezoliedrnl  group  of  this  division. 
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In  each  case  the  form^  which  is  geometrically  an  hexagonal  pyramid  (in  Fig. 
237  with  c  and  m),  is  in  fact  a  combination  of  the  two  unit  rhombohedrons, 
plus  and  minus.  Commonly  a  difference  in  size  between  the  two  forms  maj 
be  observed^  as  in  Figs.  236  and  268,  where  the  form  taken  as  the  plus  rhombo- 
hedron  predominates.  But  e?eu  if  this  distinction  cannot  be  established,  the 
two  rhombohedrons  can  always  be  distinguished  by  etching,  or,  as  in  the  case 
of  quartz,  by  pyro-electrical  phenomena. 

229.  231.  232.  233.  234. 


236. 


236. 


237. 
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Pigs.  22»-285,  Calcile.     Figs.  286.  387.  Gmelinite. 

139  Of  the  two  series,  or  zones,  of  rhombohedrons  the  faces  of  the  plus 
rhombohedrons  replace  the  edges  between  the  base  (0001)  and  the  unit  prism 
(1010).  Also  the  faces  of  the  minus  rhombohedrons  replace  the  alternate  edges 
of  the  same  forms,  that  is,  the  edges  between  JOOOI)  and  (OlIO),  (compare  Fi^s. 
236.  237,  etc.).  Fig.  238  shows  the  rhombonedron  in  combination  with  die 
238  240.  241. 


Figs  288,  230,  Hematite.  Coqulmblte.  Eudialyte. 

base  Fig.  239  the  same  with  the  prism  a  (llSO).  When  the  angle  between  the 
two  forms  happens  to  approximate  to  70°  32'  the  crystal  simulates  the  aspect 
of  a  regular  octahedron.     This  is  illustrated  by  Fig.  240;  here  co  =  69*  42', 
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also  00  =  71**  22',  and  the  crystal  resembles  closely  an  octahedron  with  trun- 
cated edges  (cf.  Fig  77,  p.  36). 

140.  There  is  a  very  simple  relation  between  the  plus  and  minus  rhombo- 
hedrons  which  it  is  important  to  remember.  The  form  of  one  series  which 
truucates  the  terminal  edges  of  a  given  form  of  the  other  has  half  tne  length 
of  the  Tertical  azis^  and  this  ratio  is  expressed  in  the  values  of  the  indices 

of  the  two  forms.     Thus  (01 12),  or  —  ~  R,  truncates  the  terminal  edges  of 
tlieplus  unit  rhombohedron  (lOll),  or  R;  (1014),  or  -|-  -R,  truncates  the 


Again  (lOll).  or  +  R, 


terminal  edges  of  (Ol!2),  or  -  -  R.  1015  oi  (2025). 

truncates  the  edges  of  (023l),  oi  -  2R;  (4041),  or  +  4R,  of  025 1,  or  -  2R, 
etc.  This  is  illustrated  by  Fig.  235  with  the  forms  r  (1011)  and  /(025l). 
Also  in  Fig.  241  a  basal  projection,  z  (1014)  truncates  the  edges  of  e  (01l2), 
t  i0ll2)  of  r  (lOll);  r  (lloi)  of  s  (023l). 

141.  Scalenohedron.— The  scahnohedron,  shown  in  Fie.  242,  is  the  general 
form  for  this  group  corresponding  to  tlie  symbol  hkll     It  is  a  342. 

solid,  bounded  by  twelve  faces,  cacli  a  scalene  triangle.  It  has 
roDghly  the  shape  of  a  double  six-sided  pyramid,  but  there  are 
two  sets  of  terminal  edges,  one  more  obtuse  than  the  other, 
and  the  lateral  edges  form  a  zigzag  edge  around  like  that  of 
•  he  rhombohedron.  Like  the  rhombohedrons,  the  scaleno- 
bdrons  may  be  either  plus  or  minus  according  as  to  whether 
the  faces  are  symmetrical  to  the  zone-circle  lOlO,  0001,  or  to 
Olio,  0001.  The  former  plus  forms  correspond  in  position  to 
the  plus  rhombohedrons  and  conversely. 

The  plus  scalenohedron  (2l3l),  Fig.  242)  has  the  following 
eymbols  for  the  several  faces : 

Above    2l3l,     2311,    3211,    1231,    l321,     3l2l. 

Below     123T,     I32l,     3l21,    3131,     2341,    32ll.  g^,^^^l^^^^„^ 

For  the  complementary  minus  scalenohedron  (123l)  the  symbols  of  the 
faces  are: 

Above    1231,    I32l,    3l21,    2T31,    23ll,    35Tl. 
Below    3311,     3211,    1331,     l32l,     3l3l,    2l31. 

148.  BAUtion  of  Scalenohedront  to  Bhombohedront.— It  was  noted  above  that  the  scaleno- 
hedron  in  general  has  a  series  of  zijrzug  lateml  edees  like  the  rhombohedron.  Ii  is  obvious, 
further,  that  for  every  rhombohedron  there  will  be  i\  series  or  zone  <»f  scalenohedrons 
haviug  the  tame  lateral  edges.  This  is  shown  in  Fig.  245,  where  the  scalcuohedi-on 
«(2181)  bevels  the  lateral  edges  of  the  fundamental  rhombohedron  7*(10il);  the  same 
woild  be  true  of  the  scalenohedron  (32Sl).  etc  Further,  in  Fig.  246.  the  minus  senU'no- 
hedron  x  (1841)  bevels  the  lateral  edges  of  the  minus  rhombohedron /i0221).  The  relation 
of  the  indices  which  must  exist  in  these  cases  mtiy  be  shown  to  be,  for  example,  for  the 
rhombohedron  r  (1011),  h  —  k-\-l\  again  for/ (0221),  h -\- 21  =  k,  etc.  See  also  the  pro 
jection.  Fig.  252. 

Fnrther,  the  position  of  the  scalenohedron  may  he  defined  with  reference  to  its  parent 
rhombohedron.  For  example,  in  Fig.  245  the  scnlenohedron  v  (2l5n  ha.s  three  times  the 
▼enical  axis  of  the  unit  rhoml)ohedron  r  (101  n.  Again  in  Fig  246  t  (1341)  has  twice  ihe 
vertical  axis  of  / (0221).  Hence  the  systeuj  of  symbols  devised  by  Nnumann  to  express 
this  relation,  written  in  general  mR/ior  (in  Dnna^  System  nv).  where  the  n  expresses  the 
multiple  value  of  the  vertical  axis  corresponding  to  the  rhombohedron  twR.    The  symbol 
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of  9  is  on  this  system  R3  or  1«.  and  of  a?  -  2R,,  or  -  2«.    If  mPn  is  the  symbol  of  a  scalcM 
hedron  on  the  hexagonal  type  and  fiioRiit  that  referred  in  this  way,  it  may  be  shown  th&t 


_        m  (2  —  n) 

fn.  =  -^ — '-,    n.  = 


—  n 


243. 


244 


Also  m  =  mofio,    n  = 
246. 


247. 


Pigs.  24S-246,  Calcite. 
248.  349, 


260. 


Figs.  247.  248,  Corundum. 


Figs.  249,  250,  Spaogolite.* 


261. 


148.  Other  Forms. — The  remaining  forms  of  the  normal  group  of  tb 
rhombohedral  division  are  geometrically  like 
those  of  the  corresponding  group  of  the  hexa- 
gonal system— viz.,  the  base  c  (0001);  the  prisms 
m  (1010),  a  (ll30),  (/tklO);  also  the  diagonal 
pyramids,  as  (ll5l).  Some  of  these  forms  are 
shown  in  the  accompanying  figures.  For  further 
illustrations  reference  may  be  made  to  typical 
rhombohedral  species,  as  calcite,  hematite,  etc. 

With  respect  to  the  dia<ronal  pyramid,  it  is 
interesting  to  note  that  if  it  occurs  alone  (as  in 
Fig.  247,  n  =  2243)  it  is  impossible  to  say,  on 
geometrical  grounds,  whether  it  has  the  trigonal 
symmetry  of  the  rhombohedral  type  or  the  hexa-  _ 

gonal  symmetry  of  the  hexagonal  type.    In  the 

fatter  case,  the  form  might  be  made  a  unit  pyramid  by  exchanging  the  &niu 
and  diagonal  planes  of  symmetry.  The  true  symmetry,  howeyer,  is  ofte: 
indicated,  as  with  corundum,  by  the  occurrence  on  other  crystals  of  rhomlM- 
hedral  faces,  as  r  (1011)  in  Fig.  248  (here  z  =  22 Jl,  go  =  14-14-58-3),  Evei 
if  these  are  absent  (Fig.  249),  the  etching-figures  (Fig.  250)  will  often  servt 
to  reveal  the  true  trigonal  molecular  symmetry;  here  o  =  (ll24),  p  =  (}  \^': 

144.  A  basal  projection  of  a  somewhat  complex  crystal  of  calcite  is  giver 
in  Fig.  251,  and  a  spherical  projection  for  the  same  species  in  Fig.  252;  boti 


*  Spnngolite  belongs  properly  to  the  next  (bemimorpbic)  group,  but  this  fact  does  no 
destroy  the  v^ilue  of  the  iUubiratiou. 
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show  well  the  8yinmetrj_in  the  distribution  of  the  faces.  JHere  the  forms  are: 
prisms^  a  (llSO),  wi  (1010);  rhombohedrons,  plus,  r  (lOll),  minus  e  (0112), 
<}>  (0554),/ (0221);  scalenohedrons,  plus,  v  (2l3l),  t  (2l34),  minus,  a;  (13 Jl). 

262. 


1010 


3.     RHOMBOHEDRAL-HEMIMOEPHIC   GROUP  (20).     TOUR- 
MALINE  TYPE. 


263. 


145.  Symmetry. — A    number    of    prominent    rliombohedral    species,  as 
tourmaline,  pyrargyrite,  pronstite,  belonor  to  a  heminiorphic  group  under  this 

division.  For  them  the  symmetry  in  the  group- 
ing of  the  faces  differs  at  the  two  extremities  of 
the  vertical  axis.  The  forms  have  the  three 
diagonal  phines  of  symmetry  meeting  at  angles 
of  60°  in  the  vertical  axis,  which  is  an  axis  of 
trigonal   symmetry.      There   are,  however,    no 

j!^ i^,    horizontal  axes  of  symmetry,  as  in  the  rhombo^ 

hedral  group,  and  there  is  no  center  of  syin* 
metry.     Cf.  Fig.  253. 

146.  Typical   Forms.  —  In    this    group   the 
basal   planes   (0001)    and    (0001)   are  distinct 
forms.     The  other  characteristic  forms  are  the 
two  trigonal  prisms  m  (lOlO)  and  m^  (OlIO)  of  the 
unit  series;  also  the  four  trigonal  unit  pyramids,  corresponding  respectively 
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to  the  three  upper  and  three  lower  faces  of  a  plus  rhombohedron,  and  the 
three  upper  and  three  lower  faces  of  the  minus  rhombohedron;  also  the 
hemimorphic  diagonal  hexagonal  pyramid;  finally,  the  four  ditrigonal  pyra- 
mids, corresponding  to  the  upper  and  lower  faces  respectively  of  the  plus  "ani 
minus  scalenohedrons.  Figs.  254-257  illustrate  these  forms.  Fig.  256  is  a 
basal  section  with  r^  (OlII)  and  e^  (10l5)  below. 


264. 


255. 


267. 


^MS^ 


m       h 


Figs.  dM-267,  Tourmaline,  m  (1010).  m,  (0110).  a  (ll^X  h(iaO),  r(10!l),  o(02SlX 

e,  (1012).  u  (82$1),  X  (1282). 


4.  TRI-RHOMBOHEDRAL  GROUP  (21).    PHENACITE  TYPE. 


268. 


■•--s^- 


147.  Sjnninetry. — This  gi'oup,  illustrated  by  the  species  dioptase,  phenacit% 
willemite,  dolomite,  ilmenite,  etc.,  is  an  impor- 
tant one.  It  is  characterized  by  the  absence  of 
all  planes  of  symmetry,  but  the  vertical  axis  is 
still  an  axis  of  trigonal  symmetry,  and  there  is 
a  center  of  symmetry.     Cf.  Fig.  258. 

148.  Typical  Forms. — The  distinctive  forms 
of  the  group  are  the  rhombohedron  of  the  second 
order  and  the  hexagonal  prism  and  rhombo- 
hedron, each  of  the  third  order.  The  group  is 
thus  characterized  by  three  distinct  rhombohe- 
drons  (each  +  a°^  —  )j  ^^^  hence  the  name  \^  /  \  y 
given  to  it.                                                                                ||f*-^ --^ 

The  complementaiT  plus  and  minus  rhombo- 
hedrons  of  the  second  order  together  embrace  all  the  faces  of  the  diagonal 
pyramid  of  the  normal  group.     For  example,  in  a  given  case  the  faces  for  the 
plus  and  minus  forms  are: 

Plus       (above)    ll22,    3112,    l5l2;     (below)    I2l3,    Il22,    2lIS, 
Minus     (above)    1212,    Il22,    2ll2;     (below)    Sll3,    l2l3,    ll35. 


— J1...Y i^ 
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The  rhombohedroD  of  the  third  order  has  the  general  symhol  (hkll),  and 
he  symbols  of  the  six  like  faces  of  the  plus  right-huuded  form  (2l3l)  are: 

Above    2lSl,    3311,    l521;    below     1321,    3l3l,    3211. 

There  are  three  other  complementary  rhombohedronj,  distinguished 
•ejipectively  as  plus  left-handed  (3i2l),  minus  right-handed  (loSl),  and  minus 
eft-handed  (1231).  These  four  sets  of  faces  make  up  the  twenty-four  like 
':;ce3  of  the  dihexagonal  pyramid  of  Fig.  201.  In  l^ig.  '^59  (drawn  in  the 
evei-se  position)  the  minus  right-handed  form  (l352)  is  shown. 

The  complementary  right  and  left  hexagonal  prisms  of  the  third  order 
embrace  all  the  faces  of  the  dihexagonal  prism  (Fig.  197).  The  faces  in  a 
^yen  case  (2]30)  have  the  symbols: 

Kighfe      2l50,      l330,      3210,      SISO,       l320,       35l0, 
^  liSft         1250,       33lO,       3120,      1330,      2310,       3l30. 

149.  The  remaining  forms  are  geometrically  like  those  of  the  rhombohedral 
group,  viz.:  Base  c(OOOl);  unit  prism  m  (lOlO);  diagonal  prism  a  (llSO); 
rhombohedrone  of  the  first  order,  as  (lOll)  and  (Olll),  etc 

269.  260.  261. 


1010 


150.  The  forms  of  this  group  are  best  illustrated  by  the  crystals  of  the 
species  pbenacite,  with  whicb  the  minus  right  rhombohedron  x  (I3S2)  is  not 
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iDfrequently  the  predominating  form,  as  in  Fig.  259.  The  true  position  oi 
this  rnombohedron  is  shown  by  its  relation  to  the  prisms  m  (lOlO)  and  a  (lli!)> 
A  more  complex  crystal  of  the  same  species*  is  given  in  Fig.  260,  and  a  \y.i>ii 
projection  (in  normal  position)  is  shown  in  Fig.  261.  The  faces  present  arr 
rhombohedrons,  first  order,  plus,  r  (lOll),  minus,  z  (Olll),  d  (01l2);  sec*-M.i 
order,  right, /?  (1123),  left,  jt?^  (2113),  0,(4553);  third  order,  plus  right,  s  (.Ml. 
minus  left,  x^  (1232),  minus  risfht,  z  (1322). 

In  order  to  make  clearer  the  relation  of  the  faces  of  the  different  type? 
forms  under  this  group.  Fig.  262  is  added.     Here  the  zones  of  the  plus  ai 
minus  rhombohedrons  of  the  first  order  are  indicated,  also  the  plus  and  m'uw 
sectants  corresponding  to  each. 

The  following  scheme  may  also  be  helpful  in  connection  with  Fig.  26*2.  I 
shows  the  distribution  of  the  faces  of  the  four  rhombohedrons  of  the  t}]> 
order  (+  r,  +  ^,  —  r,  —  /)  relatively  to  the  faces  of  the  unit  hexagonal  p^i^u 
(lOlO). 

Phenaoite  I'ypk. 


+  1    +r 
8121  2l8l 

12^1  1821 

+  1    +r 
2811   3211 

Sl2l   2131 

+  1    +r 
1231   1821 

—  I       -T 

25n   3211 

1010 

0110 

1100 

1010 

0110 

iloo 

Zm  2lSI 

+  1    +r 
1281  1321 

S8ll  8211 

-hi    -hr 
8121   2181 

1231  l82i 

4-i    -fr 

25ii  32ii 

263. 


6.  TEAPEZOHEDRAL  GROUP  (22).    QUARTZ  TYPE. 

161.  Symmetry. — This  group  includes,  among  minerals,  the  species  qiinr; 
and  cinnabar.     The  forms  have  no  plane  of  symmetry  and  no  center  of  >yfT 

metry;  the  vertical  axis  is,  however,  an  axis  •. 
trigonal  symmetry,  and  there  are  also  tiw' 
horizontal  axes  of  binary  symmetry,  coincitlii 
in  direction  with  the  crystallographic  axes;  c 
Fig.  263.  ' 

152.  Typical    Forms.  —  The    characteri^ 
form  of  the  group  is  the  trigonal  trapezohetin 
^    shown  in  Fig.  264.     This  is  the  general  f.r 
corresponding  to  the  symbol  {hkil)^  the  f:t' 
being  distributed  as  indicated  in  the  accompai 
ing  spherical  projection  (Fig.  263).     There  ai 
four    such    trapezohedrons,    two    plas^    caV.' 
respectively  right-handed  (Fig.  264)   and  le: 
handed  (Fig.  265),  and  two  similar  minus  form 
also  right-  and  left-handed  (see  the  scheme  given  in  Art.  154).     It  is  obvi< 
that  the  two   forms   of    Figs.    264,   265   are  enantioraorphous,  and    cin^u 
polarization  is  a  striking  character  of  the  species  belonging  to  the  group 
elsewhere  discussed. 

The  symbols  of  the  six  faces  belonging  to  each  of  these  will  be  evident  c 


^99" 


X 

"O" 


/ 


o/ 


x° 


:*- 


v 


*  Drawn  with  the  zone  of  minus  rhombohedrons  in  front  to  better  show  the  modifvii 
fares.     Fig.  259  is  similar. 
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DDsulting  Pigs.  263  and  309,  p.  70.  The  complementary  plus  forms  (r  and  I) 
f  a  giyen  symbol  include  the  twelve  faces  of  a  plus  Sduenohedron,  while  the 
ices   of   all  four  include  the  twenty-four  264.  265. 

ices  of  the  dihezagonal  pyramid. 

Corresponding  to  these  trapezohedrons 
here  are  two  ditrigonal  prisms,  respectively 
ight-  and  left-handed,  as  (2l30)  and  (3l30). 
^  The  remaining  characteristic  forms  are 
lie  right-  and  left-handed  trigonal  prism 
;  (1120)  and  a  (2ll0);  also  the  right-  and 
eft^handed  trigonal  vyramidy^A  (ll32)  and 
;2ll2).     They  include  respectively  the  faces 


>f  the  hexagonal  prism  of  the  second  order 
11*20)  and  those  of  the  corresponding  pyra- 
mid hi 22);  these  are  shown  in  Figs.  196 
i::d  -iOO. 

153.  Other  Forms.— The  other  forms  of  the  group  are  geometrically  like 
those  of  the  normal  OToup.  They  are  the  base  c  (0001),  the  hexagonal  unit 
jcism  m  (lOlO),  and  the  plus  and  minus  rhombohedrons  as  (1011)  and  (Olll), 
These  cannot  be  distinguished  geometrically  from  the  normal  forms. 

154.  ninstrations. — The  forms  of  this  group  are  best  shown  in  the  species 
quartz.  As  already  remarked  (p.  75),  simple  crystals  often  appear  to  be  of 
r '  rmjil  hexagonal  symmetry,  the  rhombohedrons  r  (lOll)  and  z  (Olll)  being 
finally  developed  (Figs.  266,  267).  In  many  cases,  however,  a  difference  in 
rii -lecular  character  between  them  can  be  observed,  and  more  commonly  one 
rhoinbohedron,r(10ll),  predominates  ;  the  distinction  can  always  be  made  out 
t  V  etching.  Some  crystals,  like  Fig.  268,  show  as  modifying  faces  the  right 
tri;ronal  pyramid  s  (ll2l),  with  a  right  plus  trapezohedron,  as  x  (5lSl).  Such 
crystals  are  called  right-handed  and  rotate  the  plane  of  polarization  of  li^ht 
transmitted  in  the  direction  of  the  vertical  axis  to  the  right.     A  crystal,  like 


266. 


268. 


269. 


270. 


267. 


Pigs.  266-270,  Quartz. 

Fig.  269,  with  the  left  trigonal  pyramid  s  (2     1)  and  one  or  more  left  trapezo- 
hedrons,  as  x  (6l5l),  is  called  left-handed,  and  as  regards  light  has  the  opposite 
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character  to  that  of  Fig.  268.  Fig.  270  shows  a  more  complex  riffht-hande'l 
crystal  with  several  plus  and  minus  rhombohedrons,  several  plus  rignt  trapezo- 
hedrons  and  the  minus  left  trapezohedron,  JV. 

The  following  scheme  shows  the  distribution  of  the  faces  of  the  four  trape- 
zohedrons  (+  r,  4-  Z,  —  r,  —  I)  relatively  to  the  faces  of  the  unit  hexagorm! 
prism  (1010)  ;  it  is  to  be  compared  with  the  corresponding  scheme^  given  in 
Art.  160,  of  crystals  of  the  phenacite  type^  In  the  case  of  the  minus  fornifc 
some  authors  prefer  to  make  the  faces  2l3I,  123l,  etc.,  right,  and  3lSl,  lo'Uf 
etc.^  left. 

Quartz  Type. 


+  1    +r 
8121  2181 

1281  1821 

S811  8211 

8121  2l81 

+  1    +r 
1281  1821 

2SII  82il 

1010 

Olio 

1100 

ioio 

oiio 

lioo 

-r  -  I 

mi  21S1 

+  r    +1 
1281  I82i 

2811  8211 

+  r    +1 
8121  2l8i 

1281  l82i 

+  r    -fJ 
2811  3211 

165.  Other  Oronps. — The  next  group  (23)  has  one  plane  of  symmetry— that 
of  the  horizontal  axes,  and  one  axis  of  trigonal  symmetry — the  vertical  axis. 
There  is  no  center  of  symmetry.  Its  characteristic  forms  are  the  three  types 
of  trigonal  prisms  and  the  three  corresponding  types  of  trigonal  pyramids. 
Of.  Fig.  271. 

271.  272. 


A 


■< 


/ 


\ 


/ 


/ 


A — f 
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The  last  group  (24)  has  no  plane  of  symmetry  and  no  center  of  symmetry, 
but  the  vertical  axis  is  an  axis  of  trigonal  symmetry.  The  forms  are  all  liemi* 
morphic,  the  prisms  trigonal  prisms,  and  the  pyramids  hemimorphic  trigonal 
pyramids.    Cf.  Fig.  272.     Neither  of  these  groups  is  known  to  be  represented 


pyramids.    Cf.  Fig. 
among  crystals. 


Mathematical  Relations  of  tbr  Hexagonal  Sybteic. 

166.  Cholee  of  Azii.— The  podtlon  of  tbe  vertical  crystallographlc  axis  Is  fixed  iu  all  tlx^ 
groups  of  this  system  since  it  coincides  with  the  axis  of  hexagonal  symmetry  in  the  htx 
agonal  division  and  that  of  trigonal  symmetry  in  the  rhombohedral  division.  The  tbn^ 
lateral  axes  are  also  fixed  in  direction  except  in  the  normal  group  and  the  subordinate 
hemimorphic  group  of  the  hexagonal  division  ;  in  these  there  is  a  choice  of  two  positions 
according  to  which  of  the  two  sets  of  vertical  planes  of  symmetry  is  taken  as  the  axial  set. 

167.  Axial  and  Angular  Elements. —The  axial  element  is  the  length  of  the  vertical  axis.  K 
in  terms  of  a  lateral  axis,  a ;  in  other  words,  the  axial  ratio  of  a :  ^.    A  single  measured 
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3g1e  (in  an^  zone  but  the  prismatic)  may  be  taken  as  the  fundamental  angle  from  which 
le  axial  i-atio  can  be  obtained. 

The  angular  element  is  usually  taken  as  the  angle  between  the  base  e  (0001)  and  the  unit 
jTuiuid  (1011),  that  is,  0001  a  1011. 

The  relation  between  this  angle  and  the  axis  6  is  given  by  the  formula 


I       JX 


/ 


tan  (0001  A  1011)  X  g^VS  =  i. 

he  vertical  axis  is  also  easily  obtained  from  the  unit  diagonidj^ramid,  since 

tan  (0001  A  1122)  :=zb,    ^ 
lieae  relations  become  general  by  writing  them  as  follows: 

tan  (0001  A  mi)  X  g-f^  =  j  X  i; 

tan  (0001  A  h'h'2hl)  =  y  X  i. 

In  general  it  is  easy  to  obtain  any  required  angle  between  the  poles  of  two  faces  on 
be  spherical  projection  either  by  the  use  of  the  tangent  (or  cotangent)  relation,  or  by  the 
^luticm  of  spherical  triangles,  or  by  the  applicat  on  of  both  methods.  In  practice  most  uf 
he  triangles  used  in  calculation  are  rieht-angled. 

158.  Tangent  and  Cotangent  Selati<nis.--The  tangent  relation  holds  good  in  any  zone 
Fom  e  (0001)  to  a  face  in  the  prismatic  zone.    For  example: 

tan  (0001  A  hOJil)  _  _n  ^    tan  (0001  A  hh'2hD  _  2A 
tan  (0001  A  lOil)  ~  i  '       tan  (0001  a  1122)  I ' 

n  the  prismatic  zone,  the  cotangent  formula  takes  a  simplified  form ;  for  example,  toi 
iihexagonal  prism,  hkiO,  as  (2l90): 

cot  (lolo  A  hm)  =  ^^^|/{- ; 

cot  (llSO  A  hm)  =  y3j^*- 

The  ram  of  the  angles  (1010  a  hkiO)  and  (ll30  a  h^)  is  eqnal  to  80*. 

Farther,  the  hist  equations  can  be  written  in  a  more  general  form,  applying  to  any 
}>Tamid  {hktl}  in  a  zone,  first  between  lOlO  and  a  face  in  the  zone  0001  to  OlIO,  where  the 
^;rle  between  lOlO  and  this  face  is  known;  or  again,  for  the  same  pyramid,  in  a  zone 
between  11§0  and  a  face  in  ^e  zone  0001  to  lOiO,  the  angle  between  1120  and  this  face 
mng  given.  For  example  (cf.  Fig.  209,  p.  70),  if  the  first-mentioned  zone  is  lOlOA^OlIl 
^  the  second  is  ll^'hkUlOiU  then 

cot aoio  A hkit)  =  cot (lOlO  A Olll) .  ^^^> 


and 


cot  (llSO  A  A*U)  =  cot  (ll20  A  lOll) .  4^- 


Also  similarly  for  other  zones, 

cot  (lOlO  A  hm  =  cot  (lOlO  A  0221) .  ^^^,  etc. 

cot  (ll20  A  hkU)  =  cot  (lOiO  A  202l) .  |i|,  etc. 
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169.  Other  Aagnlar  BelatioBt.— The  following  simple  relations  are  of  freqaent 

(1)  For  a  unit  hoBOffonal  pyramid 

tan  i  (1011  A  oill)  =  sin  ^^,  where  tan  ^  a  ^ 
and  in  general 

tan  Umi  A  0A&)  =  sin  l^,  where  tan  ^,  s  ^i. 

(2)  For  a  diagcnal  pifvanM,  as  (ll32X 

2  sin  i(ll32  A  i2i2)  s  sin  ^,       and      tan  ^  ==  & 
(8)  For  a  rhomhohedron 

sin  i(10il  A  ilOl)  »  sin  aJ^\.  where  a  =  (0001  A  lOll); 
In  general 

sin  i{hm  A  A^OQ  =  sin  a,f/f,  where  a,  =  (0001  A  AOAQ. 

160.  Zonal  Relations.— The  zonal  equations,  described  in  Arts.  48.  44,  apply  here  as  in 
other  systems,  only  that  it  is  to  be  noted  that  one  of  the  indices  leferriDe  to  the  lateral  a^d 
preferably  the  third,  t,  is  to  be  dropped  in  the  calculations  and  only  tne  other  three  emi 
ployed.  Thus  the  indices  (u,  v,  w)  of  the  zone  iu  which  the  faces  (Aifcii),  {pqri)  lie  art 
given  by  the  scheme 

h       k       I       h       k 

XXX 

P      q      t      P      q 
where  M^kt  ^  ql,       y  =  Ip  -'  ht,       w  =  Aj  —  *p. 

For  example  (Fig.  216).  the  face  u  lies  in  the  zone  tns,  1010  *  1121  and.also  in  the  zoni 
m'y,  Olio  -aoSl.  For  the  first  zone  the  values  obtained  are  :  u  =  0,  v  =  1,  w  =  1;  herd 
for  any  face  in  this  zone  the  relation  k  =  I  holds  true.  Similarly  for  the  second'  zoni 
tf  =  1,  /  =  0,  ^  =  —  2,  or  A  =  2f.  Therefore  the  symbol  of  the  given  face  is  given  eiibe 
by  the  scheme 

0       I       1       0       i 

10       2       10 

2  1  1 

or  from  the  two  equations  k  =  I  and  A  =  2^.    The  face  u  has,  therefore,  the  symbol  2131 
since  further  »  =  —  (h-^  k), 

161.  Formulas.— The  following  formulas  arc  sometimes  useful: 

0)  The  distances  (see  Fig.  209)  of  the  pole  of  any  face  {hkU)  from  the  poles  of  the  face 
(1010),  (OlIO),  (IlOO),  and  (0^1)  are  given  by  the  following  equations: 

cos  PA  =  cos  {hJ^  (1010)  = 
cos  PB  =  cos  {hkU)  (OlIO)  = 
COB  PM  =  cos  (hkil)  (1100)  =    , , __ 


Hk-hm 

V^P  +  4(^«(A«  +  k*  +  hk) 

h(2k-hh) 

4/8^*  -f  4h\h^  -f  *«  -h  ^) 

Hh  -  *) 

OM  PO  s  006  (hkU)  (0001)  =: 
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i^Sl^  +A6\h*  -^  k^  -f  AA) 


(2)  The  distance  (PQ)  between  the  poles  of  any  two  faces  P  {hkU)  and  Q  {pqri)  Is  giyen 
f  the  equation 

^^^ 9lt  +  2i^{hq  +  pk-\-2hp  +  2kq) 


VlW  +  4d«(A»  +  ifc«  +  A*)]  [8<«  +  4iJ«(p»  +  q*+  pg)] ' 

(Z)  For  special  cases  the  aboye  formula  becomes  simplified;  it  serves  to  give  the  falut 
I  tne  noraial  angles  for  the  sereral  forms  in  the  system.    They  are  as  follows: 
(a)  BecBogMol  Piframid  (AOA^).  Fig.  109: 

ooi X(terminal)  -  g^+ljfjr;     «» Z (^»«I)  «  sP  +  4^*^*- 

(ft)  IHrngmuU  pgrmnUd  {hhU'l).  Fig.  200 : 

006  Y  (terminal)  =  ^  ^  ^^t  i     <»•  *  (basal)  =  ^-j-jj^ 

«»Xr.eeFlir  3011^  ^  +  ^^*  +  ^  "^  ^^> 
oosX(pee Fig.  201)8  3^  +  4^1)^1  Ij.  ^  +  AJfc,- 

V*      «.     ««^.      8i«-f2^(2A«  +  2AA-A») 
€oeY(seeFig.201)»  3^  ^  ^^^,  +  *•  +  AA)- 

^^^    ,.  4^»(Ai  4-  A;«  +  Ajfc)  -  8^ 

eMZ(basal)  ="  «« -f  4i«(A«  +  *«  + A*)* 

fi)  JMmiffanal  PrUm  (AiHO),  Fig.  107: 

^)  JUawtaiUffrw*  (lOllX 

ooaX(teniiUMl)     "  Jp  +  4A»i»  • 

ow X (see  Fig.  342)  -  8?T4i'(A*  +  *•  +  *!»* 
•MT(aee  Big.  343)  -  gz*  +  4A'(y  +  ;t' +  W' 
«MZ(lMaan  -  W+4i>(h' +  k>  +  m' 
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168.  AnglM.— The  angles  for  some   commonly  occurring  prioms  are  given  in  Ui^ 
following  table: 

in(lOiO.i) 
8*  67 
10   58i 
18    54 
16 
19 


siik) 

<^ 

4lS0 

<^ 

8140 

H 

6270 

H 

2l80 

H 

8250 

H 

64ik) 

H 

6 

28   24f 
26   19f 


a(llgO,  t2) 

21* 

8' 

19 

« 

16 

6 

18 

54 

10 

58i 

6 

85J 

8 

401 

16S.  The  Shombohsdral  Syitsm  of  Killer.— The  following  projection  (Fig.  278)  is  added 
in  order  to  show  the  relation  of  the  forms  in  the  hexagonal  system  as  referred 
273. 

ai 


TWi 

■^ 

>Juo 

m/  h^i 
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i»\/ 

^^o\    XtjJ 

/^f- — 

JJ^K 

""^  s^\\ 

-r-   (^^"^^X         > 

r^*^/ 

V    J  ^^^^^ 

Vs^ 

\  /  y\ 

a5^ 

^^  1 

m^ 

A 

^ 

^ym 

■m^ 

> 

^ 

^m 
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Miller  to  three  equal  oblique  axes  pam  ;>. 
to  the  faces  of  the  fundamental  rhomlx 
hedron.    The  forms  are  as  follows : 

Tbe  faces  having  the  indices  100.  OlO, 
001  are  those  of  the  (plus)  fundanjemal 
rhombohedron,  while  ihe  face  111  is  tie 
base.  The  faces  22l,  l22.  212  are  \\\'^ 
of  the  minus  fundamental  rhomboliedn*  . 
with  100,  010,  001  they  form  the  ul  : 
hexagonal  pynimid. 

The  faces  of  the  hexagonal  unit  pris  ^ . 
m  (1010),  have  the  symbols  211.  112.  ii!. 
fljl  211,  ii2,  121.  Those  of  the  secomi.  .r 
diagonal,  hexagonal  prism,  a  (1120),  b:ire 
the  symbols  101,  Oil,  ilO,  101,  uil. 
liO.  I 

The  dihezagonal  pyramid  embracer 
like  the  simple  hexagonal  pyramid,  two 
forms  {JhM)  and  (^):  of  these  the  symlio: 
{hkC)  hence  belongs  to  the  plus  scHlenole 
drou,  and  {ffg)  io  the  minus.  In  this  as  id 
other  cases  it  is  true  thiit  0  =  2/i  ~(-  24:  - 1. 
/=2A-*-f-2/,^= -^4-2*4- «.  For 
example,  the  faces  210,  201 ,  021,  120.  V^L 


0I2  (Fig.  278)  belong  in  the  Rhombohednd  Division  of  this  system  to  the  scalenohedrn^ 
(2l8l).  The  complementary  minus  scalenohedron  would  have  the  faces  624,  etc.  Tbe 
twenty-four  faces  of  these  two  forms  taken  together  would  embrace  all  the  faces  of  ttc 
dihezagonal  pyramid  of  the  Hexagonal  Division  (2l9l).  Of.  Fig.  209,  p.  70,  and  Fii:. 
252,  p.  79.  with  Pig.  278  given  here. 

Similarly  the  dihexagonal  prism  includes  the  six  faces  of  the  form  (AAO),  and  the 
remaiQing  six  of  the  form  (<f  0). 

It  is  seen  at  once  that  the  indices  given  above  are  those  of  the  isometric  system,  where 
the  cube  corresponds  to  a  rhombohedron  of  90*;  the  projection  of  Fig.  110,  p.  41,  ia  broueji 
into  relation  with  the  above  if  an  octahedral  axis  is  placed  vertical.  . 

The  inconvenience  of  having  the  faces  of  the  same  form  (tf.p.,  the  dihexagonal  fyrism  or 
pyramid  of  beryl)  represented  by  two  sets  of  indices  is  obvious,  and  this  method,  introduon: 
by  Miller,  is  now  seldom  employed.  This  objection,  however,  disappears  if  the  axes  r  r. 
indices  described  are  used  for  rhombohedral  forms  only,  that  is,  for  forms  belonging  to  t:  • 
groups  which  are  characterized  by  a  vertical  axis  of  trigonal  symmetry,  lliis  is  tl.^ 
method  adopted  by  Groth  fl895).  It  is  believed  by  the  author,  however,  that  tbe  mui '% 
relations  of  all  the  groups  of  both  divisions  of  the  hexagonal  system  among  themselvt^  >v 
also  to  the  eroups  of  the  tetragonal  system),  both  morphological  and  physical,  are  (<s 
brought  out  by  keeping  throughout  the  same  axes,  namely,  those  of  Fig.  198,  Art  115. 
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IV,  ORTHOKHOMBIC  SYSTEM- 

164.  The  OBTHOBHOMBIC  System  includes  all  the  forms  which  are  referred" 
io  three  unequal  axes  at  right  angles  to  each  other. 

Of  these  axes  the  shorter  lateral  axis,  or  brachy-a/xis^  is  represented  by  the 
letter  a,  the  longer  lateral  axis,  or  macro-axis,  by  5,  and  the  vertical  axis  by  6 
[cf.  Fig.  275).  In  the  statement  of  the  axial  ratio  o  is  uniformly  taken  as  the 
iinit. 

1.  NORMAL  GEOUP  (25).    BABITE  TYPE. 

165.  Symmetry.— The  forms  of  the  normal  group  of  the  orthorhombio 
system  are  characterized  by  three  unlike  planes 
of  symmetry,  at  right  angles  to  each  other,  and 
farther,  coincident  with  their  intersection-lines, 
there  are  three  axes  of  binary  symmetry,  which 
directions  are  also  those  of  the  crystallographic 
aies.  These  axes  are  consequently  fixed  in 
position  by  the  symmetry,  but  any  one  of  them 
uiay  be  made  the  vertical  axis. 

The  symmetry  of  the  group  is  exhibited  in 
the  accompanying  spherical  projection.  Fig.  274. 
This  should  be  compared  with  Fig.  69  (p.  33) 
bi.<l  Fig.  148  (p.  53),  representing  the  symmetry 
of  the  normal  groups  of  the  isometric  and  tetrag- 
onal systems  respectively.  It  will  be  seen  that 
V  hile  normal  isometric  crystals  are  developed  alike  in  the  three  axial  direc- 
tions, those  of  the  tetragonal  type  have  a  like  development  only  in  the  direc- 
tion of  the  two  lateral  axes,  and  those  of  the  orthorhombic  type  are  unlike  in 
tiie  three  axial  directions.  Compare  also  Figs.  70  (p.  34),  149  (p.  54),  and  275 
(p.  90). 

166.  Forms. — The  various  forms  possible  in  this  group  are  as  follows : 


.(010) 


Miller. 

L  Macropinacoid  or  \        noo^ 

a-pinacoid  j  •  •  •  v      ) 

2.  Brachypinacoid  or ) 

^-pinacoid  J 

3.  Base  or  c-pinacoid (001) 

(  Unit  prism (110) 

4.  i  Macroprisms . . . (hJcO)  h>k 
( Brachyprisms.  .(AiO)  h<k 

5.  Macrodomes (hOl) 

6.  Brachydomes (OAZ) 

f  TJnit  pyramids {hhl) 

7.  i  (111) 
I  Macropyramids(AiZ)A>fc 

I  Brachypyramids(AW)A  <  h 


&  :  Qo3  :  00^ 

Qoa  :  2  :  tob 

ooa  :  ooX:i 
&  \i  :  cx>6 
&:nh  icob 
nd  :h  :<x>d 
d  :  Qo2  :md 
todihimS 

d  :h:mi 

d:i:6 

d  :nh  :ni6 

ndihimd 


Naumann. 
CO  P  ^  or  i-i,  a 

CO  P  *  or  i-f,  b 

OP  or  0,  e 
CO  F  or  2,  m 
00  Ph  or  i-w,  as  (210)  t-2 
00  Pn  or  i-n,  as  (120)  i-2 
mPob  or  fw-i,  as  (201)  2  I 
mP^  or  m-t,  as  (021)  2-1 
mP  or  m,  as  (221)  2 
Por  1 
mPh  or  m-h,  as  (211)  2-2 
mPn  or  m-n,  as  (121)  2-2 


*  The  prefixes  hraehy-  and  macro-  used  in  this  system  (and  also  in  the  triclinic  8y8tem> 
are  from  the  Greek  words  fipaxv^,  sJiart,  and  MOKfjoi,  long. 
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Id  general,  us  defined  on  p.  26,  a  pinacoid  U  a  form  whose  faces  are  parallel  to  two  of 
the  axes,  that  is,  to  an  axial  plane ;  a  pritm  is  one  whose  fiices  are  parallel  to  the  yertical 
axis,  but  iutersect  the  two  lateral  axes;  Vkdome^  is  one  whose  faces  are  parallel  (o  oce 
of  the  lateral  axes,  but  inteisect  in  the  vertical  axis.  A  dome  is  sometimes  called  a  horitonUil 
prum\  a  pyramid  is  u  form  whose  faces  meet  all  the  three  axes. 

These  terms  are  used  in  the  above  sense  not  only  in  the  orthorhombic  system,  but  also 
in  the  monoclinic  and  triclinic  systems  ;  in  the  last  each  form  consist  of  two  planes  only. 

167.  PinaooicLi. — The  macropinacoid  includes  two  faces,  each  of  which  is 
parallel  both  to  the  macro-axis  i  and  to  the  vertical  axis  6;  their  symbols  are 
respectively  100  and  TOO.  This  form  is  uniformly  designated  by  the  letter  tu 
and  is  conveniently  and  briefly  called  the  a-phuicoid. 

The  brachypinacoid  includes  two  faces,  each  of  which  is  parallel  both  to 
the  brachy-axis  a  and  to  the  vertical  axis  t ;  they  have  the  symbols  010  and 
OlO.     This  form  is  designated  by  the  letter  ^ ;  it  is  called  the  b-pinacoid. 

The  base  or  basal  pinacoid  includes  the  two  faces  parallel  to  the  plane  of 
the  lateral  axes,  and  having  the  symbols  001  and  OOl.  This  form  is  designated 
by  the  letter  c ;  it  is  called  the  c-pinacoid. 

Each  one  of  these  three  pinacoids  is  an  open-form,f  but  together  they 
make  the  so-called  diafnetral  prism,  shown  in  rig.  275,  a  solid  which  is  the 
analogue  of  the  cube  of  the  isometric  system.  Geometrically  it  cannot  be 
distinguished  from  the  cube,  but  it  differs  in  having  the  symmetry  unlike  in 
the  three  axial  directions ;  practically  this  may  oe  shown  by  the  unlike 
physical  character  of  the  faces,  a,  b,  c,  for  example  as  to  luster,  striations,  etc.; 
or,  again,  by  the  cleavage.  Further,  it  is  provea  at  once  by  optical  properties. 
This  diametral  prism,  as  just  stated,  has  three  pairs  of  unlike  faces.  It  has 
three  kinds  of  edges,  four  in  each  set,  parallel  respectively  to  the  axes  r/,  h, 
and  d  ;  it  has,  further,  eight  similar  solid  angles.  In  Fig.  275  the  dimensions 
are  arbitrarily  made  to  correspond  to  the  relative  lengths  of  the  axes,  but  the 
student  will  understand  that  a  crystal  of  this  shape  gives  no  suggestions  as  to 
these  values. 

276 


276. 

Uo 
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J 

..,-J;^---- 
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168.  Prisms.  -The  prisms  proper  include  those  forms  whose  faces  are 
parallel  to  the  vertical  axis,  while  they  intersect  both  the  lateral  axes;  their 
general  symbol  is,  therefore,  {?ikO).  These  all  belong  to  one  type  of  rhombic 
prism,  in  which  the  interfacial  angles  corresponding  to  the  two  unlike  vertical 
edges  have  different  values. 

The  unit  prism j  (110),  is  that  form  whose  faces  intersect  the  lateral  axes  11 
lengths  having  a  ratio  corresponding  to  the  accepted  axial  ratio  of  a:  J  for  the 
given  species;  in  other  words,  the  angle  of  this  unit  prism  fixes  the  unit 
lengths  of  the  lateral  axes.     This  form  is  shown  in  combination  with  the  basal 


*  From  the  Latin  damus,  because  resemhling  the  roof  of  a  house  :  cf.  Fiirs.  279.  280. 
t  See  p.  25. 
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pinacoid  in  Fig.  276;  it  is  uniformly  designated  by  the  letter  m.    The  four 
faces  of  the  unit  prism  have  the  symbols  110, 1 10,  llo,  lIO. 

The  tnacroprisms  lie  between  the  macropinacoid,  a  (100),  and  the  unit 
prism  fTt  (110),  and  consequently  for  them  the  ratio  of  h  to  k  is  greater  than 
1:1 ;  in  other  words,  the  ratio  of  the  intercepts  on  the  axes  h  and  a  is  greater 
than  that  for  the  unit  prism.  Common  forms  have  the  symbols  (410),  (JHO), 
(CIO),  (320),  (430),  etc.,  given  in  order  from  100  toward  110;  cf.  the  spherical 
projection  of  Fig.  303.  The  face  I  of  Fig.  277  is  the  macroprism  (210);  for 
diis  form  the  axial  intercepts  (see  the  basal  projection.  Fig.  278)  are  in  the 
ratio  of  id:  li,  or  Id:  2^;  a  similar  relation  holds  for  the  other  forms  (410),  etc 
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The  hrachyprisms  lie  between  the  unit  prism  and  the  brachypinacoid 
h  (010),  and  consequently  for  them  the  ratio  of  the  first  two  indices  is  less 
than  1:1,  or  the  ratio  of  the  intercepts  on  J>,  d  is  less  than  that  of  the  unit 
prism.  Common  forms  are  (340),  (230),  (120),  (130),  given  in  order  from  110 
toward  010.  For  the  form  n  (120),  shown  in  Figs.  277,  278,  the  axial  inter- 
cepts  are  in  the  ratio  of  iSi^h,  or  2d:h.  Other  examples  of  these  prisms  are 
given  later  (see  Figs.  296-299). 

In  Nanmann's  symbols  the  number  n,  the  multiple  of  the  lateral  axis,  Is  always  mnde 
greater  than  unity.  Hence  while  the  macroprism,  I,  of  Fifi^.  :iT7  has  the  full  symfaMi 
a  :  26  :  00^,  or  brieily  ooP2  (or  *-2),  the  brachy prism  is  written  M  :  6  :  aoi,  or  oo  P2  (or  i^^ 
inslead  of  the  equiviilent  form  d.^bicoL  In  other  words,  with  the  macroprirms  (aud 
macropyramids)  the  value  of  the  brachy- axis  is  made  equal  to  unity,  while  with  the  brachj- 
prisms  (and  bracbypyramids)  the  macro-tixis  is  taken  as  the  unit. 

169.  Macrodomes,  Brachydomes. — The  macrodonies  are  forms  whose  faces 
are  parallel  to  the  macro-axis,  h,  while  they  intersect  the  vertical  axis  6  and 
the  lateral  axis  d;  hence  the  general  symhol  is  (^0/).  The  angle  of  the  unit 
macrodome,  (101),  fixes  the  ratio  of  the  axes  d:d.  This  form  is  shown  in 
Fig.  279  combined  (since  it  is  an  open  form)  with  the  brachypinacoid. 

In  the  macrodome  zone  between  the  base  c  (001)  and  the  macropinacoid 
«(100)  there  may  be  a  large  number  of  macrodomes  having  the  symbols, 
taken  in  the  order  named,  (103),  (102),  (203),  (101),  (302),  (201),  (301),  etc. 
Cf.  Figs.  298  and  302  described  later. 

The  hvachydowss  are  forms  whose  faces  are  parallel  to  the  brachy-axis,  a, 
while  they  intersect  the  other  axes  i  and  J;  their  general  symbof  is  (0^/). 
The  angle  of  the  unit  brachydome,  (Oil),  which  is  shown  with  a  (100)  in 
Fig.  280,  determines  the  ratio  of  the  axes  h:  6, 

The  brachydome  zone  between  c(OOl)  and  6(010)  includes  the  forma 
(013),  (012),  (023),  (Oil),  (032),  (021),  (031),  etc.     Cf.  Figs.  298  and  302. 
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Both  sets  of  domes  are  often  spoken  of  as  horizontal  prisms.  The 
propriety  of  this  expression  is  obvious,  since  they  are  in  fact  prisms  in 
geometrical  form;  further,  the  choice  of  position  for  the  axes  which  makes 
them  domes,  instead  of  prisms  in  the  narrower  sense,  is  more  or  less  arbitrary, 
418  already  explained  elsewhere. 


279. 


280. 


281. 
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170.  Pyramids.  —The  pyramids  in  this  system  all  belong  to  one  type,  the 
double  rhombic  pyramid,  bounded  by  eight  faces^  each  a  scalene  triangle.  This 
form  has  three  kinds  of  edges,  X,  Y,  Z  (Fig.  281;  cf.  also  Fig.  290),  each  set 
with  a  different*  in terfacial  angle;  two  of  these  angles  suffice  to  determine  the 
axial  ratio.     The  symbol  for  this,  the  general  form  for  the  system,  is  (hkt). 

The  pyramids  fall  into  three  groups  corresponding  respectively  to  the 
three  prisms  just  described,  namely,  unit  pyramids,  macropyramids,  aiid 
brachypyramids. 

The  unit  pyramids  are  characterized  by  the  fact  that  their  intercepts  on 
the  lateral  axes  have  the  same  ratio  as  those  of  the  unit  prism;  that  is,  the 
assumed  axial  ratio  {d\l)  for  the  given  species.  For  them,  therefore,  the  gen- 
eral symbol  becomes  {hhl). 

For  different  unit  pyramids  on  crystals  of  the  same  species  the  vertical 
axes  may  have  different  lengths  bearing  usually  some  simple  numerical  ratio 
to  each  other  (and  always  commensurate),  and  these  form  a  zone  of  faces  lying 
between  the  base  c  (001)  and  the  unit  prism  w  (110).  This  zone,  for  example 
as  shown  in  the  basal  projection  of  a  sulphur  crystal  given  in  Fig.  3U*2, 
includes  the  forms  ?^' (119),  o?  (117),  /  (115),  o  (114),  «  (113),  y  (112),  jy  (111). 
Cf.  also  Fig.  66,  p.  30,  of  the  same  species,  and  the  spherical  projection. 
Fig.  303.  In  the  symbol  of  all  of  the  forms  of  this  zone  /*  =  ^•,  and  the 
lengths  of  the  vertical  axes  are  hence,  in  the  example  ^iven,  ^,  \y  \,  J,  J,  1  of 
the  vertical  axis  i  of  the  pyramid  p  (Fig.  290),  which  in  this  species  is  taken 
as  the  unit  pyramid.     The  axial  ratio  for  sulphur  is  given  on  p.  22. 

The  macropyramids  and  hrachypyramids  are  related  to  each  other  and  to 
the  unit  pyramids,  as  were  the  macroprisms  and  brachyprisms  to  themselves 
and  to  the  unit  prism.  Further,  each  vertical  zone  of  macropyramids  (or 
hrachypyramids),  having  a  common  ratio  for  the  lateral  axes  (or  of  hik  in 
the  symbol),  belongs  to  a  particular  macroprism  (or  brachyprism)  characterized 
by  the  same  ratio.  Thus  the  macropyramids  (214),  (213),  (212),  (421),  etc.. 
all  belong  in  a  common  vertical  zone  between  the  base  (001)  and  the  prism 
(210).  Similarly  the  hrachypyramids  (123),  (122),  (121),  (241),  etc.,  fall  in  a 
common  vertical  zone  between  (001)  and  (120).  Cf.  Fig.  299,  where  u  and  o 
are  the  hrachypyramids  (134),  (131),  falling  in  the  same  vertical  zone  as  the 
brachvprism  rf(130).  See  also  the  basal  projection,  Fig.  302,  and  tho 
spherical  projection,  Fig.  303,  both   of  sulphur,  noting   the  relation   of   the 
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nacropyramid  (315)  to  the  macroprism  (310)  and  the  brachypyramids  (135), 
133),  (131)  to  the  brachyprism  (130). 

171.  nimtrationi.— The  following  figures  of  barite  (282-289)^ive  excellent 
Ihistrations  of  crystals  of  a  typical  orthorhombic  species,  and  show  also  how 
lie  habit  of  one  and  the  same  species  may  vary.  The  axial  ratio  for  this 
i»ecies  is  given  on  p.  96.  Here  d  is  the  macrodome  (102)  and  o  the  unit 
rachydome  (Oil);  m  is,  as  always,  the  unit  prism  (110).    Figs.  282-285  and 
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283. 


284. 


286. 
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289. 


Barite  Crystals. 

^>7  are  described  as  tabular  J  c;  Fig.  286  is  prismatic  in  habit  in  the  direction 
&f  the  macro-axis  (i),  and  288,  289  prismatic  in  that  of  the  brachy-axis  (d). 
Figs.  290-294  of  native  sulphur  show  a  series  of  crystals  of  pyramidal 
lal'ir  with  the  unit  domes  « (101),  w  (Oil),  and  the  unit  pyramids  p  (111), 
Ml  13).  Note  that  6  and  n  truncate  respectively  the  terminal  edges  of  the 
f'jndamental  pyramid/).  In  general  it  should  be  remembered  that  a  macro- 
dome truncating  the  edge  of  a  pyramid  must  have  the  same  ratio  of  A:/;  thus, 
I'^ul)  truncates  the  edge  of  (221),  etc.  Similarly  of  the  brachydomes:  (021) 
tmncates  the  edge  of  (221),  etc.    Cf.  Figs.  302  and  303. 


290 


291. 


292. 


293. 


294. 


Sulphur  Crystals. 

Again,  Fig.  295,  of  staurolite,  shows  the  pinacoids  b  (010),  c  (001),  the  unit 
['rism  m  (110),  and  the  unit  macrodome  r  (101). 

Figs,  296-298  are  prismatic  crystals  of  topaz.  Here  m  is  the  unit  prism 
f  nO);  I  and  n  are  the  brachyprisms  (120),  (140) ;  d  and  p  are  the  macrodomes 
i'-?''!)  and  (401);  /"and  y  are  the  brachydomes  (021)  and  (041);  f,  w,  and  o  are 
rhe  unit  pyramids  (223),  (111),  (221). 
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In  Fig.  299,  of  iolite,  s  and  r  are  the  unit  pyramids  (112),  (111);  d  is  the 
brachyprism  (130),  and  u,  o  are  the  corresponding  brachy pyramids  (134 1, 
(131).  Fig.  300,  of  brookite,  simulates  a  tetragonal  crystal  since  the  prisnianc 
angle  is  not  very  far  from  90**;  here  z  =  (112).  In  Fig.  301  of  the  same 
species,  e  is  the  brachypyramid  (122h  this  crystal  closely  resembles  an 
hexagonal  pyramid  with  its  axis  placed  uorizontal  since  the  angles  vie  (110  ; 
122)  and  ee'  (122  A  l22)  are  approximately  equal. 


296. 


296. 


297. 


fcE> 


'<^> 


Btaurolite. 


296-296  Topaz. 


299. 

e 


300. 


301. 


lolite. 


Brookite. 


Brookite. 


172.  Projeotions.— Basal  and  spherical  projections  of  a    typical    ortho 

302.  rhombic  species  have  already  been  ^ven  in  Figs 

63  and  65  on  pp.  27,  28.     The  subject  is  so  iiu 

f»ortant,  however,  that  others  are  given  herj 
Figs.  302,  303)  for  the  species  sulphur,  cf! 
Figs.  290-294,  also  Fig.  66,  p.  30.  In  Fig.  303 
besides  the  pinacoids  a  (100),  i  (010),  c(OOl),  ihii 
positions  of  the  prisms*  (310),  f/i(110),  (130)  ar^ 
shown;  the  macrodoroes  w  (103),  6  (101)  and  th^ 
brachydomes  v  (013),  n  (Oil);  the  remarkable  zonJ 
of  unit  pyramids  ^  (119),  co  (117),  t  (115),  o  (I14i 
s  (113),  y  (112),  p  (111);  finally  the  macropvramiJ 
/3  (315)  and  the  brachvpyramids  z  (135)  and  i  (133) 
Both   projections  exhibit    clearly    the    symmetrj 

*The  prism  m  is  not  shown  in  Fig.  802,  but  is  added  here  for  sake  of  completeDess 
alBo  (810),  (180),  forms  not  yet  observed  on  tbis  species. 
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characteristic  of  the  groap;  the  prominent  zones^  already  spoken  of^  should 
also  be  noted. 


303. 


(OOi 


2.  HEMIMORPHIC  GROUP  (26).     CALAMINE  TYPE, 

• 

178.  Symmetry  and  Typical  Forms. — The  forms  of  the  orthorhombic-hemu 
morphie  ^onp  are  characterized  by  two  unlike  planes  of  symmetry  and  one 
axis  of  binary  symmetry,  the  line  in  which  they  ^304. 

intersect;  there  is  no  center  of  symmetry.     The  ' 
forms  are  therefore  hemimorphic,  as  defined  in 

Art.  29.    For  example,  if,  as  is  usually  the  case,  y^  \ 

the  vertical  axis  is  made  the  axis  of  symmetry,  the 
tvo  planes  of  symmetry  are  parallel  to  the  pina- 
coids  a  (100)  and  b  (010).     The  prisms  are  then     / 

geometrically  like  those  of  the  normal  group,  as  mi 1  to 

are  also  the  macropinacoid  and  brachypinacoid  ;     \ 
^'iit  the  two  basal  planes  become  two  independent      \      x 
forms,  (001)  and  (OOl).    There  are  also  two  macro- 
domes,  (101)  and   (lOl),  or  in  general  (hOl)  and  V 
(^0/) ;  and  similarly  two  sets,  for  a  given  symbol* 
of  brachydomes  and  pyramids. 

The  general  symmetry  of  the  ^oup  is  shown  in  the  spherical  projection  of 
Fig.  304.    Further,  Figs.  305,  306,  of  calamine;  and  307,  of  struvite,  represent 


"-.^ 
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typical  crystals  of  this  group.    In  Figs.  305, 306  the  forms  present  are  t  (3C1), 
s  (101),  i  (031),  e  (Oil),  V  (12l);  in  Fig.  307  they  are  8  (101),  s,  (lOl),  q  (Oil). 


306. 


306. 


OUamlne. 


StruYite. 


8.  SPHENOIDAL  GROUP  (27).    EPSOMITB  TYPE. 
174.  Symmetry  and  Typical  Forms.— The  forms  of  the  remaining  gronp  of 


308. 


309. 


^53\ 


the  system, the  orthorhombiC'Sphenoi' 
dai  ffronp,  are  characterized  by  three 
unlike  rectangular  axes  of  binary 
symmetry,  but  they  have  no  plane 
And  no  center  of  symmetry  (Pig.  308). 
The  general  form  hkl  here  has  four 
faces  only,  and  the  corresponding 
solid  is  a  rhombic  sphenoid,  analo- 
gous to  the  sphenoid  of  the  tetragonal 
system.  The  complementary  plus 
and  minus  sphenoids  are  enantio- 
morphons.  Fig.  309  represents  a 
typical  crystal,  of  epsomite,  with  the 
plus  sphenoid,  z  (111).  Other  crystals  •  Epsomite. 

of  this  species  often  show  both  plus  and  minus  complementary  forms,  but 
usually  unequally  developed. 

Mateoshatical  Rblatioks  of  the  Obthobhombic  Ststbm. 


175.  Choioa  of  Axm.— As  explained  in  Art.  165,  the  three  crystallographic  axes  are  fixed 
as  regnrds  direction  in  all  orthorhombic  crjrstals,  but  any  one  of  them  may  be  made  the 
vertical  axis,  h\  and  of  the  two  lateral  axes,  which  is  the  longer  (S)  and  which  the  shorter 
(a)  cannot  be  determined  until  it  is  decided  which  faces  to  assume  as  the  fundamental,  or 
unit,  pyramid,  prism,  or  domes. 

The  choice  is  generally  so  made,  in  a  given  case,  as  to  best  bring  out  the  relation  of  the 
crystals  of  the  species  in  hand  to  others  allied  to  them  in  form  or  in  chemical  composition,  or 
in  both  respects;  or,  so  as  to  make  the  cleavage  parallel  to  the  fundamental  form;  or.  as 
Bugc^ested  by  the  common  habit  of  the  cirstals,  or  other  considerations. 

176.  Axial  and  Angular  Elements. —The  axial  elements  are  given  by  the  ratio  of  tiie 
lengths  of  the  three  axes  in  terms  of  the  macro-axis,  S,  as  unity.  For  example,  with  barite 
the  axial  ratio  is 

4:  8:<J  =  0-81520;  1:1-81359. 

The  angular  elements  are  usually  taken  as  the  angles  between  the  three  pinacoids  and 
the  unit  faces  in  the  three  zones  between  them.    Thus,  again  for  barite.  these  elements  are 

100  A  110  =  39*  11'  18",    001  A  101  =  68''  10'  36",    001  A  Oil  =  52'  48'  8", 
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Two  of  these  angles  obviously  determine  the  third  angle  as  well  as  the  axial  ratio.  The 
ipgree  of  accuracy  to  be  attempted  in  the  statement  of  the  axial  ratio  depends  upon  the 
cLui^cter  of  the  fundamental  measurements  from  which  this  ratio  has  been  deduced.  There 
%  no  good  reason  for  giviug  the  values  of  a  and  h  to  many  decimal  places  if  the  pn)bable 
Icrror  of  the  measurements  amounts  to  many  minutes.  In  the  above  case  the  measurements 
{\)\'  Helmhacker)  are  supposed  to  be  accurate  within  a  few  seconds.  It  is  conveuieiit,  how- 
ever, to  have  the  angular  elements  correct,  say,  within  10",  so  that  the  calculated  .angles 
?i  tained  from  them  will  not  vary  from  those  derived  direct  from  the  measured  >  ngles  by 
more  than  30"  to  1'. 

177.  Calenlatioii  of  the  Aseet.— The  following  simple  relations  (cf.  Art.  46)  connect  the 
ixt3  with  the  angular  elements :      •  y 

tan  (100  A  110)  =  d,    tan  (001  A  Oil)  =  i,    tan  (001  A  101)  =  |- 

These  equaUons  serve  to  give  either  the  axes  from  the  angular  elements,  or  the  angular 
elements  from  the  axes.  It  will  be  noted  that  the  axes  are  not  needed  fur  siuiple  purposes 
of  calculation,  but  it  is  still  important  to  have  them,  for  example  to  use  in  comparing  the 
mt)rphological  relations  of  allied  species. 

In  practice  it  is  easy  to  pass  from  the  measured  angles,  assumed  as  the  l)asis  of  calculation 
lor  deduced  from  the  observations  by  the  method  of  least  squares),  to  the  angular  elements, 
or  from  either  to  any  other  ansles  bv  the  application  of  the  tangeut  principle  (Art.  47)  to 
ti  e  pinacoidal  zones,  and  by  the  solution  of  the  right-angled  spherical  triangles  given  on 
the  sphere  of  projection. 

Thus  any  lace  7ikl  (see  p.  28)  lies  in  the  three  pinacoidal  zones,  100  and  Okl,  010  and  hXA, 
COi  and  hJA.  For  example,  the  position  of  the  face.  321,  is  fixed  if  the  positions  of  two  of 
the  poles,  801,  021,  820,  are  known.    These  last  are  given,  respectively,  by  the  equations 

tan  (001  A  801)  =  8  X  tan  (001  a  101)..    tan  (001  a  021)  =  2  X  tan  (001  A  Oil), 
Un  (100  A  820)  =  f  X  tan  (100  A  HO). 

178.  Example  —Pig  810  represents  a  crystal  of  stibnite  from  Japan,  with  the  faces pdll), 
r  (343),  Tf  (858),  etc.     On  this  the  following  measured  angles  were  taken  as  fundamental : 

310.  ffff   (858  A  368)  =  55'    1' 0". 

rjrj'"  (853  A  SSS)  =  99'  8^  0". 

Hence,  the  angles  858  a  010  =  40*  lOJ'  and  853  A  058  =  27''  80}'  are  known 
without  calculation.  The  rlghUangled  spherical  triangle*  010  053  -  853  yields 
the  angle  (010  a  053)  and  hence  (001  a  053);  also  the  angle  at  010,  which  is 
equal  to   (001  a  101).      But   tan    (001  A  Oil)  =  |  X  tan  (001  a  053).    and 

tan  (001  A  Oil)  =  i.     Also  since  tan  (001  A  101)  =  r»  the  axial  ratio  is  thus 

known,  and  two  of  the  angular  elements. 

The  third  angular  element  (001  A  HO)  can  be  calculated  independently,  for 
the  angle  at  001  in  the  triangle  001*053  853  is  equal  to  (010  A  350)  and 
tan  (010  A  850)  X  f  =  (010  a  HO),  the  complement  of  (100  A  110). 

Then  since  tan  (100  a  110)  =  (!^,  this  can  be  used  to  check  the  value  of  & 
already  obtained.  The  further  use  of  the  tangent  principle  with  the  occasional 
solution  of  a  richt-angled  triangle  will  serve  to  give  any  desired  sngle  from  either  the 
fundamental  angles  direct,  or  from  the  angular  elements. 

Again,  the  symbol  of  any  unknown  face  can  be  readily  calculated  if  two  measured 
angles  of  tolerable  accuracy  are  at  hand.  For  example,  for  the  face  00,  suppose  the 
measured  angles  to  be 

hco  (010  A  hkl)  =  80*  15',     oooa'  (hkl  A  A*0  =  51*  82'. 

The  solution  of  the  triangle  h-oo'^ikl  gives  the  angle  (010  A  Okl)  =  16'  25'  20",  and 

tan  (001  A  0^/)  _  tan  73'  34}'  __  _k 

tan  (001  A  Oil)"  tan  45**  301'""^' ""  l ' 

*  The  student  in  this  as  in  every  similar  case  should  draw  a  spherical  projection  (not 
necessarily  accurately  constructed)  to  show,  if  only  approximately,  the  relative  position  of 
the  faces  present. 
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But  the  ratio  of  k:  I  must  be  rational  and  the  number  derlTed  aflrees  moat  closely  with 
10:3. 

Again,  the  angle  fOOl  A  hOl)  may  now  be  calculated  from  the  same  triangle  and  ihe 
value  59*  88}'  obtained.     From  this  the  ratio  of  /a  to  ^  is  derived  since 


tan  (001  A  hOl)  _  tan  SQ'JSI'  _  ^  .-or  _  ^ 
tau  (001  A  101) "~  tan  45*  43J'  -  l'^'^  -  ^  • 


This  ratio  is  nearly  equal  to  5 :  8,  and  the  two  values  thus  obtained  ffive  the  symbol  5*10-3. 
If,  however,  from  the  triangle  OOlOA^ro.  the  angle  at  001  is  calculated,  the  value  26"  42f' 
is  obtained,  which  is  also  the  angle  (010  A  hkO).    From  this  the  ratio  hikis  deduced,  siuce 

tan  (010  A  110) _  tan  45"  12y  _  «.,f^     k 
tan  (010  A  AA^)""  tan  26*  42}'  ~  ^'""^  ""A* 

The  value  of  7  is  hence  cloeely  equal  to  2;   this  combined  with  that  first  obtahied 
a 


(y  =  o-j  gives  the  same  symbol  5*10*8. 


This  symbol  being  more  than  usually  complex  calls  for  fairly  accurate  measuremeDts. 
Bow  accurate  the  symbol  obtained  is  can  best  be  Judged  by  comparing  tlie  measured  angles 
with  those  calculated  from  the  symbol.  For  example,  in  the  given  case  the  calculated  aogies 
for  00  (5  10-8)  are  boo  (010  A  510-8)  =  80**  16',  good'  (510-8  A  SlOS)  =  51*  85'.  The  correct- 
ness of  the  value  deduced  is  further  established  if  it  is  found  that  the  given  face  falls  into 
prominent  zones. 

It  will  be  understood  further  that  the  zonal  relations,  explained  on  pp.  29.  80,  play  an 
important  part  in  all  calculations.  For  example,  in  Fig.  810,  if  the  symbol  of  r  were  un- 
known, it  could  be  obtained  from  a  single  angle  (as  6r),  since  for  this  zone  h  =  l. 

179.  Fonaulas. — Although  it  is  not  often  necessary  to  employ  formulas  in  calculations, 
a  few  are  added  here  for  sake  of  completeness. 

(1)  For  the  distance  between  the  pole  of  any  face  P  (hkC)  and  the  pinacoids  a,b,e,ve 
have  in  general : 

oo.« P«  =  COS-  mAm)  =  ,^^,^X*+na^' 
C08«  P6  =  co8«  (AAi  A  010)  =  jj^:p-^-,^,p^; 

Pa* 
coe«  P«  =  cos'  (?M  A  001)  =  ft^q:  ^.aV  +  Pa*' 

Here  a  and  0  in  the  formulas  are  the  two  nxe»  a  and  h 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  faces  ihk()  and  (P99it 

hpe^  -f  kqti^^  -f  Ira} 


V.  MONOCLINIC  SYSTEM. 

180.  The  MoNOCLiNic  System  includes  all  the  forms  which  are  referred 
to  three  unequal  axes,  having  one  of  their  axial  inclinations  oblique. 

The  axes  are  designated  as  follows:  the  inclined  or  clinodiagonal  axis  is 
h\  the  orthodiagonal  axis  is  S,  the  vertical  axis  is  6.  The  acute  angle  between 
the  axes  a  and  6  is  represented  by  the  letter  fi\  the  angles  between  a  and  5  and 
t>  and  d  are  rigKt  angles.  See  Fig.  312.  Crystals  are  usually  drawn  with  the 
axis  6  vertical  and  the  axis  a  directed  to  the  front  and  inclined  downward. 
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1.  NORMAL  GROUP  (28).    GYPSUM  TYPE. 

181.  Symmetry. — In  the  normal  group  of  the  monoclinic  system  there  is 
one  plane  of  symmetry  and  one  axis  of  binary 
symmetry  normal  to  it.  The  plane  of  symmetry 
is  always  the  plane  of  the  axes  a  and  d,  and  the 
axis  of  symmetry  coincides  with  the  axis  i,  normal 
to  this  plane.  The  position  of  one  axis  (6)  and 
that  of  the  plane  of  the  other  two  axes  {A  and  6)  is 
thus  fixed  by  the  symmetry;  but  the  latter  axes 
may  occupy  different  positions  in  this  plane.  Fig. 
311  shows  the  typical  spherical  projection,  pro- 
jected on  the  plane  of  symmetry.  Fig.  327  is  the 
projection  of  an  actual  crystal  of  epidote;  here,  as 
is  usual,  the  plane  of  projection  is  normal  to  the 
prismatic  zone. 

182. 'Forms. — The  various  forms*  belonging  to 
this  group,  with  their  symbols,  .are  given  in  the  following  table.  As  more  par- 
ticularly explained  later,  an  orthodome  includes  two  faces  only,  and  a  pyramid 
four  only. 


Miller. 
.(100) 


1.  Orthopinacoid  or ) 

^-pinacoid  j  ' 

2.  Clinopinacoid  or  )  /miw 

5.pinacoid         [ ^^^^^ 

3.  Base  or  c-pinaooid (001) 

(Unit  prism  (110) 

^    j  Orthoprisms  .... {hkO)  h>k 
'  Clinoprisms  .... (hkO)  h<k 

5.  Orthodomes ■!  5-?^5 

6.  Clinodomes (Okl) 

'Unit  pyramids j  W- 

Orthopyramids.  |  §*Jh>* 

Clinopyramids  .  j  J**Jj  h  <k 


Naumann. 

^:  00 i  :  co<5  oo Poo  or  t-i,  a 

00  ^  :  i  :  00  <}  00  P66  or  t-i,  b 

codicohid  OP  OT  0,c 

d  :i  :cod  CO  P  or  I,m 

d  :nh  iced  oo Pn  or  t-n,  as  (210)  i-3 

nd  li  :co6  oo  PA  or  t-n,  as  (120)  i-2 

d  :  CO  Simd  — mPaoor--w-i,a8(101)--l.f 

d  :co}>:  -rnd  mPco  or  m-l,  as  (lOl)  1-* 

cod  :i  imd  mPoo  or  w-i,  as  (Oil)  1-i 

diiimi  —  mP  or  -fw,  as  (111)  —  1 

d:i:  -mi  wP,  as(Ill)  1 

d  :n6  :in6  -^mPh  or  -m-n,  as  (211)-2-3 

d  :nh  :  -md  mPn  or  m-n,  as  (SU)  2-3 

nd:t:mt  —mPn  or  -m-h,  as  (121)-2-2 

nd  :h  :  -mi  mPn  or  w-w,  as  (121)  2-2 


The  Naumann  aymbols  given  above  are  analogous  to  those  of  the  orthorhombic  system. 
The  long  mark  employed  is  to  be  understood  to  be  conventional  only  and  ns  referring  to 
the  ortho-axis,  o.  It  does  not  imply  that  this  axis  is  longer  than  the  clino-axis,  d,  though 
this  is  commonly  the  case.  The  Inclined  mark  refers  to  the  inclined  axis,  d.  With 
«ome  authors  these  marks  pass  through  the  P,  instead  of  being  written  over  the  letter  (or 
number)  following. 

*  On  the  general  use  of  the  terms  plnacold,  prisms,  domes,  pyramids,  see  pp.  26,  90. 
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183.  Pinacoids.— The  pinacoids  are  the  orthopinacoid^  clinopinacoid^  and 
the  basal  plane. 

The  orthopinacoid,  (100),  includes  the  two  faces  parallel  to  the  plane  of 
the  ortho-axis,  t  and  the  vertical  axis  d.  They  have  the  symbols  100  and  lOO. 
This  form  is  designated  by  the  letter  a,  since  it  is  situated  at  the  extremity  of 
the  a  axis;  it  is  hence  conveniently  called  the  a-pinacoid. 

The  clinopinacoidt  (010),  includes  the  two  faces  parallel  to  the  plane 
of  symmetry;  that  is,  the  pjane  of  the  clino-axis  a  and  to  the  axis  6.  They 
have  the  symbols  010  and  OlO.  The  clinopinacoid  is  designated  by  the  letter  h, 
and  is  called  the  b-jnnacoid. 

The  base  or  basal  pinacoid,  (001),  includes  the  twa  terminal  faces,  above 
and  below,  parallel  to  the  plane  of  the  lateral  axes  a,  S;  they  have  the 
symbols  001  and  OOl.  The  base  is  designated  by  the  letter  c,  and  is  often 
called  the  c-pinacoid.  It  is  obviously  inclined  to  the  orthopinacoid,  and  the 
normal  angle  between  the  two  faces  (100  A  001)  is  the  acute  axial  angle  fi. 

The  diametral  prism,  formed  by  these  three  pinacoids,  taken  together. 
Fig.  312,  is  the  analogue  of  the  cube'  in  the  isomatric  system.  It  is  bounded 
by  three  sets  of  unlike  faces;  it  has  four  similar  vertical  edges;  also  four 
lateral  similar  edges  parallel  to  the  axis  d,  but  the  remaining  edges,  parallel 
to  the  axis  h,  are  only  similar  two-and-two.  Of  its  eight  solid  angles  there  are 
two  sets  of  four  each;  the  two  above  in  front  are  similar  to  those  below  behind, 
and  the  two  below  in  front  to  those  behind  above. 

184.  Prisms. — The  prisms  are  all  of  one  type,  the  oblique  rhombic  prism. 
They  include  the  unit  priftm,  (110),  designated  by  the  letter  m,  shown  in 
Fig,  313;  also  the  orthoprisms,  {hkO)  where  h  >  k,  lying  between  a  (100) 
and  m  (110),  and  the  clinoprisms,  (hkO)  where  h  <  k,  lying  between  m  (110) 
and  b  (010).  The  orthoprisms  and  clinoprisms  correspond  respectively  to  the 
macroprisms  and  brachyprisms  of  the  ortnorhombic  system,  and  the  explana- 
tion on  p.  91  will  hence  make  their  relation  clear.  Common  oases  of  these 
prisms  are  shown  in  the  figures  given  later. 
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186.  Orthodomes,— The  four  faces  parallel  to  the  ortho-axis  6,  and  meeting 
the  other  two  axes,  fall  into  two  sets  of  two  each,  having  the  general  symbols 
{hOl)  and  (AOZ).  These  forms  are  called  orthodovies,  they  are  strictly  hemi- 
orthodomes.  For  example,  the  unit  orthodome  (101)  has  the  faces  101  and 
lOl;  they  would  replace  the  two  obtuse  edges  between  a  (100)  and  c  (001)  in 
Fig.  312.  The  other  unit  orthodome  (lOl)  has  the  faces  lOl  and  lOl,  and 
they  would  replace  the  acute  edges  between  a  and  c.  These  two  independent 
forms  are  shown  together,  with  b  (010),  in  Fig.  314. 
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Similarly  the  faces  201,  301  belong  to  tlfe  fatpi:(2ai),  aiid-&l,  20l  to  the 
independent  bnt  complementary  form  (201).  "'.*...-....•  ;. 

•\  '     t  ••  •.  .*••-  :*•'  '•'"'• 

In  the  symbols  of  Naumann,  the  heml-ortho'dozD^'>^fefW^n'lhe  base  and  the  front 
orthopiuacoid  above,  and  hence  corresponding  to  the  obtuse  edge  between  them,  are  dis- 
tinguished by  the  minus  sign  (—  1-i  =  101,  etc.).  while  those  between  the  base  and  the 
orthopinacoid  behind  are  called  plus*  (4-  1-i  =  101);  the  +  sign,  however,  is  usually 
omitted.    The  two  sets  of  hemi-pyramids  (see  beyond)  are  similarly  distinguished. 

186.  dinodomes. — The  clinodomes  are  the  forms  whose  faces  are  parallel 
to  the  inclined  axis,  a,  while  intersecting  the  other  two  axes.  Their  general 
symbol  is  hence  {Okl)  and  they  lie  between  the  base  (001)  and  the  clinopinacoid 
(010).  Each  form  has  four  faces;  thus  for  the  unit  clinodome  these  have  the 
symbols.  Oil,  Oil,  Oil,  Oil.     The  form  n  (021)  in  Fig.  321  is  a  clinodome. 

187.  PyramidJi. — The  pyramids  in  the  monoclinic  system  are  all  hemi- 
pyramids,  embracing  four  faces  only  in  each  form,  corresponding  to  the  gen- 
eral symbol  (hkl).  This  obviously  follows  from  the  symmetry;  it  is  shown,, 
for  example,  in  the  fact  already  stated  that  tlie  solid  angles  of  the  diametral 
prism  (Fig.  312,  see  above),  which  are  replaced  by  these  pyramids,  fall  into 
two  sets  of  four  each.  Thus  any  general  symbol,  as  (321),  includes  the  two 
independent  forms  (321)  and  (S21)  with  the  faces 

321,        321,        321,        331,        and        321,        32l,        32l,        331. 

The  pyramids  may  be  unit  pyramids,  {hhl),  orthopyramids,  {hkl)  when 
A  >  i,  or  clifwpyramids,  (hkl)  when  h  <  k.  These  correspond  respectively 
to  the  three  prisms  already  named.  They  are  analogous  also  to  the  unit 
pyramids,  macropyramids  and  brachypyramids  of  the  orthorhombic  system, 
and  the  explanation  given  on  pp.  91,  92  should  serve  to  make  their  relations 
clear.  But  it  must  be  remembered  that  each  general  symbol  embraces  twa 
forms,  (hhl)  and  (hkl)  with  four  faces  each,  as  above  explained. 
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318. 


Pyroxene. 

188.  niuftrationi.— Figs.   315-318  of  pyroxene  ((tiiid—  r092  : 1 : 0589^ 
)0s=  74°  =  ac)  show  typical  monoclinic  forms.    Fig.  315  shows  the  diametral 


•This  choice  of  signs  by  Naumann  was  unfortunate,  being  contrary  to  ordinary  usage: 
it  l8.  however,  too  ffenerally  accepted  to  admit  of  being  reversed.  He  was  led  to  adopt  it 
because  the  internal  angle  of  the  upper  front  edge  between  001  and  100  is  obtuse  and  hence- 
the  cosine  (e,g.  in  the  general  cosine  formula  for  the  angle  between  two  faces)  is  negatiw. 
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prism, 
dome; 
P 


Of  tlfe:\(ither  '(^^ft^^i/i  j^  the  unit  prism  (110);  p  (lOl)  is  an  ortho- 
u  /111),]  v  (2f2r),  "5''(?1?1)  are  unit  pyramids;  for  other  figures  see 
>.  387.  ^t^itt*-  if5^^i'.^W-?21  -represent  common  crystals  of  orthoclase 
(^  :  ^  .-a  =  d-65flflV0-55fe;.yl^64.*  =  ac).  Here  z  (130)  is  a  clinoprism; 
2:(Toi)  and  y  (301)  are  orthodomes;  n  (021)  is  a  clinodorae;  o(Ill)  a  unit 
pyramid.  Since  (Fig.  319)  c  and  x  happen  to  make  nearly  equal  angles  with 
the  vertical  edge  of  the  prism  m,  the  combination  often  stimulates  an 
orthorhombic  crystal. 


319. 


320. 


321. 
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Orthoclase. 


Fig.  322  shows  a  monoclinic  crystal,  epidote,  prismatic  in  the  direction  of 
the  ortho-axis;  the  forms  are  r  (lOl)  and  n  (111).  Fig.  323  of  gypsum  is 
flattened  ||  b;  it  shows  the  unit  pyramid  I  (111)  with  the  unit  prism  m  (110). 
Fig.  324  of  monazite  is  prismatic  m  habit  by  extension  of  the  pyramid  t;  (111). 
It  shows  also  the  orthodome  w  (101);  the  clinodome  6(011);  the  pyramids 
r(lll),«(121),  «(3ll),i(2ll). 


322. 


323. 


324. 


Epidote. 


Gypsum. 


Honazite. 


189.  Projeotiont. — Fig.  325  shows  a  projection  of  a  crystal  of  epidote 
(cf.  Fig.  853,  p.  438)  on  a  plane  normal  to  the  prismatic  zone,  and  Fig.  32b 
one  of  a  similar  <jrystal  on  a  plane  parallel  to  b  (010);  both  should  be  carefully 
studied,  as  also  the  spherical  projection  of  the  same  species,  Fig.  327.  Th* 
symbols  of  the  prominent  faces  are  given  in  jFig.  327. 
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2.   HEMIMOBPHIO   GROUP  (29). 

190.  The  fnonocliniC'hemimorpJnc  group  is  characterized  by  a  single  axis 
of  binary  symmetry,  the  crystallographic  axis  i,  but  it  has  no  plane  of  sym- 
metry. It  is  illustrated  by  the  spherical  projection  (Fig.  328);  also  by 
Fig.  329,  a  common  form  of  tartaric  acid;  sugar  crystals  also  belong  here. 


328. 


329. 
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Tartaric  Acid. 
Forms:  r(lOl),  /3(101),  g(Oll). 


The  hemimorphic  character  is  distinctly  shown  in  the  distribution  of  the 
clinodomes  ana  pyramids;  corresponding  to  this  the  artificial  salts  belonging 
nere  often  exhibit  marked  pyro-electrical  phenomena. 
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3.   CLiif<>HEDBAjD/fril()UP  (30).    CLINOHEDRITE  TYPE. 

191. ''Xhiyiriou^cliiiifq'CliTwJi^dtal  group  (the  domatic  class  of  Groth) 
is  characterized  'bf  a*  ^ingfe* 'plane  of  symmetry,  parallel  to  the  clino- 
pinacoid,  b  (010),  but  it  has  no  axis  of  symmetry  (cf.  Fig.  330).  In  this 
group,  therefore,  the  forms  parallel  to  the  5-axis,  viz.,  c  (001),  a  (100)  and  the 
orthodomes,  are  represented  by  a  single  face  only.  The  other  forms  have  each 
two  faces,  but  it  is  to  be  noted  that,  with  the  single  exception  of  the  clino 
pinacoid  b  (010),  the  faces  of  a  given  form  are  never  parallel  to  another. 
The  name  given  to  the  group  is  based  on  this  fact. 

Several  artificial  salts  belong  here  in  their  crystallization,  but  the  only 
known  representative  among  minerals  is  the  rare  silicate,  clinched  rile 
(H.CaZnSiO J,*  a  complex  crystal  of  which  is  showij  in  two  positions  in  Figs. 
331,  33  la.  As  seen  in  these  figures,  the  crystals  of  the  group  have  a  hemi- 
morphic  aspect  with  respect  to  their  development  in  the  direction  of  the 
vertical  axis,  although  they  cannot  properly  be  called  hemimorphic  since  this 
is  not  an  axis  of  symmetry.  The  forms  shown  in  Fie^s.  331,  331a  are  as 
follows:  pinacoid,  b  (010);  prisms,  m  (110),  w,  (IlO),  h  (3^20),  n  (120),  I  (130); 
orthodomes,  e  (101),  e,  (lOl);  pyramids,  p  (111),  p,  (III),  q  (111);  r  (331), 
8,  (551),  t  (771),  u  (531),  0  (131),  X  (I3l),  y  (l21). 


330. 


331. 


331a. 


Oinobedrite. 

It  is  to  be  noted  that  crystals  of  the  common  species  pyroxene  (also  of 
aegirite  and  titanite)  occasionally  show  this  habit  in  the  distribution  of  their 
faces,  but  it  is  not  certain  that  this  may  not  be  accidental.f 

Mathematical  Rblattons  ov  the  Monoclinic  Ststem. 

192.  Choio*  «f  Axes.— It  is  repeated  here  (Art.  181).  that  the  fixed  position  of  the  plane 
of  symmetry  establishes  the  directioD  of  the  axis  o  aud  the  plane  of  the  axes  d  and  L  Tbe 
latter  axes,  however,  may  have  varying  positions  in  this  plane  according  as  to  which  faces 
are  taken  as  the  pinacoids  a  and  c,  and  which  the  unit  pyi-amid,  prism,  or  domes. 

198.  Axial  and  Angultf  Elementi.— The  axial  elements  are  the  lengths  of  the  axes  a  nnd  ^ 
in  terms  of  the  unit  axis  5,  that  is,  the  axial  ratio,  with  also  the  acute  angle  of  inclinatioD 
of  the  axes  d  and  ^,  called  fi.    Thus  for  orthoclase  the  axial  elements  are : 

d  :  $  :  i  =  0-6585 :  1 :  05554    /S  =  68'  56|'. 

♦Pentield  and  Foote.  Am.  J.  8c. ,  5.  289,  1898. 

tSee  G.  H.  WilHams,  Am.  J.  8c..  34.  275,  1887,  38,  115.  1889. 
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The  angular  elements  are  usually  taken  as  the  angle  (100  A  001)  which  is  equal  to  the  angle 
^:  also  the  angles  between  the  three  ])inacoid8  100.  010,  001.  respectively,  and  the  unit 
prism  110,  the  unit  orthodome  (101  or  101)  and  the  unit  cliuodome  Oil.  Thus  again  for 
orthoclase,  the  angular  elements  are : 

001  A  100  =  68'  561'.     100  A  HO  =  W  86|'. 
001  A  101  =  W  16i',     001  A  Oil  =  26"  81'. 

itical  relations  connecting  axial  and  angular  elements  are  as  follows: 

'*°<7^"<'>        or       t«n(100AllO)=d.ain/J;  (1) 

sin  p 

'*'°<'^^^^">       or       t«.(00lA011)  =  i.do/»:  (2) 

sin  p 


d .  tan  (001  A  101)  ^      ,^-       -^-.  ^sintf 

sin/y-cos/?.tan(06lAl01)    ^'    ^°  ^^^  ^  ^^'>  =  a  +  j.cos/?' 

fJv  <i .  tan  (001  a  101)  ,      ,^^       ,^^.  h  sin  ft 

<J=  .tn/?  +  coe/;.Uu.(OOlAlor)    *"    »"  ^^"^  ^  ^^'D  =  d-l..^fl- 

These  relaiions  may  be  made  more  general  by  writing  in  the  several  • 


(3) 


Also 


in(l)    AJfcOforllO     and    jdtovd;  in  (2)    OU  for  Oil    and    |^for^; 

in  (8)    AOiforlOO    and    *ifor4. 

Osin  (001  A  lOl)  _  sin  (001  A  lOl) 
sin  (100  A  101)  "  sin  (100  a  TOl)' 


and  more  generally 


Xote  also  that 


i  _  sin  (001  A  hot)  ^  sin  (001  a  /iOQ 
I       8in(100  AAOi)-8ja(ioo  aM 

tan  0  =  d       and       tan  C  =  ^; 


where  0  is  the  angle  (Fig.  827)  between  the  zone-circles  (001,  100)  and  (001, 110);  also  C  the 
angle  between  (100,  001)  and  (100.  Oil). 

All  the  above  relations  are  important  and  should  l)e  thoroughly  understood. 

196.  The  problems  which  usiiully  arise  have  as  their  object  either  the  deducing  of  the 
axial  elements,  the  angle  fi  aud  the  values  of  d  and  h  in  terms  of  o  (=  1),  from  three 
measured  angles,  or  the  finding  of  any  required  interfacial  angles  from  these  elements  or 
from  the  fundamental  angles. 

The  simple  relations  of  the  preceding  article  connect  the  angular  and  axial  elements, 
and  beyond  this  all  ordinary  problems  can  be  solved*  either  by  the  solution  of  spheriail 
triaugles  on  the  sphere  of  projection,  or  by  the  aid  of  the  cotangent  (and  tangent)  relation. 

It  is  to  be  noted,  in  the  first  place,  that  all  great  circles  on  the  sphere  of  projection  (Fig. 
327)  from  010  cut  the  zone  circle  100,  001,  100  at  right  angles,  but  those  from  100  cut  the 
zone  circles  010,  001,  010  obliquely,  as  also  those  from  001  cutting  the  zone  circle  100,  010, 
100. 

196.  Tangent  and  Cotangent  Belations. — ^The  simple. taTi^^n^  relation  holds  good  for  all 
zones  from  OlO  to  any  pole  on  the  zone  circle  100,  001,  100;  in  other  words,  for  the  prisms. 
c  iuodomes.  and  zones  of  pyramids  in  which  the  ratio  of  A :  Ms  constant  (from  001  to  AO/  or 
to  hiH\,    Thus  it  is  still  true,  ns  in  the  orthorhomblc  system,  that  the  tangents  of  the  angles 

*  The  g«*iienil  formulas,  from  which  it  is  possible  to  calculate  directly  the  angles  between 
ntiy  ra<'e  and  the  pinncoids,  or  the  angle  between  any  two  faces  whatever,  are  so  complex 
;is  10  l)e  of  little  value. 
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of  the  prismB  210,  110,  120, 180  from  ICO  are  in  the  ratio  of  f  :  1 : 2 : 3,  or,  more  generallj. 
that 

tan  {100  AhkO)_k  tan  (010  A  AAK)) _ A 

tan  (100  A  110)  ~  A       ^^      tan(010  A  110)""*" 

Also  for  the  cliuodomes  the  tangents  of  the  angles  of  012,  Oil.  021  from  001  are  in  the 
ratio  ot  i  :1  .2.  etc.  A  similar  relation  holds  for  the  tangents  of  the  angles  of  pyramids  in 
the  zones  mentioned,  as  121,  111.  212,  etc. 

For  zones  other  than  those  mentioned  in  the  preceding  article,  as  from  100  to  a  clino 
dome,  or  from  <X)1  to  a  prism,  the  more  general  cotangent  formula  given  in  Art  47  must  be 
employed.    This  relation  is  simplified  for  certain  common  cases. 

For  any  zone  starting  from  001,  ns  the  zone  001, 100,  or  001. 110,  or  001,  210,  etc.;  if  two 
angles  are  known,  viz.,  the  angles  between  001  and  those  two  faces  in  the  given  zone  which 
fall  (1)  in  the  zone  010,  101,  and  (2)  in  the.  prismatic  zone  010,  100;  then  the  angle  between 
001  and  any  other  face  in  the  given  zone  can  be  calculated. 
Thus, 

Let  001  A  101  =  PQ  and  001  a  100  =  PR, 
or  ••  00lAlll  =  PQ  ••  001  A  110  =  PR, 
or    "  001  A  212  =  PQ        "        001  A  210  =  PR,  etc. 

Then  for  these,  or  any  similar  cases,  the  angle  (PS)  between  001  and  any  face  in  the  given 
zone  (as  201,  or  221,  or  421,  etc.,  or  in  general  hOl,  lUil,  etc.)  is  given  by  the  equation 

cot  PS  -cot  PR_  I 
cot  PQ- cot  Pa""A* 

For  the  corresponding  zones  from  001  to  100,  to  110.  to  SlO,  etc,  the  ezprenioii  has  the 
same  value;  but  here 

PQ  =  00lAi01.     PR  =  OOlAiOO,     PS  =  001  A  XW. 

or  001  A  ill.  etc. ,      001  a  IlO,  etc.,      001  A  hhl,  etc. 

If,  however,  100  is  the  starting-point,  and 

100  A  101  =  PQ.        100  A  001  =  PR, 
or  100  A  111  =  PQ.        100  A  Oil  =  PR.  etc. 
then  the  relation  becomes 

cot  PS  -cot  PR_^ 
cot  PQ- cot  PR"  r 


VL  TRICLINIC  SYSTEM. 

197.  The  Triclinic  System  includes  all  the  forms  which  are  referred  to 
three  unequal  axes  with  all  their  intersections  oblique. 

The  axes  are  here  designated  as  in  the  orthorhombic  system,  the  letters 
used  for  the  lateral  axes  d,  5  (or  a,  h),  having  a  short  or  long  mark  over  them 
to  indicate  which  is  the  shorter  and  which  the  longer  axis.  In  the  majority 
of  cases,  a  is  the  brachy-axis  and  I  the  macro- axis.  But  this  is  not  invariably 
true;  thus  with  rhodonite  the  ratio  of  «  :  ^  =  1073  :  1.  The  vertical  axis  is 
always  designated  by  d.  The  angle  between  the  axes  h  and  6  is  called  or,  that 
between  a  and  6  is  /5,  and  that  between  a  and  h  is  ;^  (Fig.  333). 

It  is  to  be  noted  that  there  is  no  necessary  relation  between  the  values  of 
Oy  /?,  and  Yy  any  one  may  be  greater  or  less  than  90®;  this  is  determined  by  the 
choice  of  the  fundamental  forms. 
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1.  NORMAL  GEOUP  (31).    AXINITB  TYPE. 

198.  Symmetry. — The  normal  group  of  the  triclinic  system  is  characterized 
by  a  center  of  symmetry,  the  point  of  intersection  of  the  three  axes,  but  there 
IS  no  plane  and  no  axis  of  symmetry.*  This  sym- 
metry is  shown  in  the  accompanying  spherical  pro- 
jection (Fig.  332). 

199.  Forms. — Each  form  of  the  group  includes 
two  faces,  parallel  to  one  another  and  symmetrical       , 
with  reference  to  the  center  of  symmetry.     This  is      /  \ 
true  as  well  of  the  form  with  the  general  symbol     / 
[hkl)  as  of  one  of  the  special  forms,  as,  for  example,    I 
the  a-pinacoid  (100).                                                         \  ^ 

Hence,  as  shownin  the  following  table,  the  four  ^\ 
prismatic  faces  110, 110,  IlO,  110  include  two  forms, 
namely,  110,  IIO,  and  110,  llo.  The  same  is  true 
of  the  domes.  Further,  any  eight  corresponding 
pyramidal  faces,  as,  for  example.  111,  111,  ill,  ill, 
\\\y  111,  III,  III  belong  to  four  distinct  forms,  namely,  111,  III;  111,  III; 
III,  111;  111,  III,  and  similarly  in  general. 

The  various  types  of  forms  are  given  in  the  following  table: 

Miller. 


/ 


/ 


Macropinacoid  or  )  noo^ 

rt-pinacoid  J ^      ' 

Brachypinacoid  or  )  /Ain\ 

^-pinacoid  \ ^^^^^ 

Base  or  c-pinacoid (001) 

Unit  prism I  j}J2j 

Macroprisms  )  J  (AiO) 

Brachyprisms  \  j  (AiO) 

((AiO) 

UAOO 

(  (Ao/) 

(  (0*0 

(  (0*0 

f  (AAO 

QiU) 

(hhl) 

(hhl) 

f  (hkl) 

(hhl) 

(hJcl) 

I  {hkl) 


h<k 
Macrodomes. 


Brachydomes. 


Unit  pyramids. 


m^P  or  ,m 
mP^  or  m, 
m'P  or  'm 
mP'n  or  m-n' 
m^Pn  or  pn-n 
mP/Ti  or  m-li.^ 
m^Pn  or  'm-n 

•  On  tbe  other  method  of  viewing  the  symmetry  here  described  see  Art.  17.  p.  10 
f  In  the  above  table  it  is  assiimeci  lliat  the  axial  ratio  is  a:h:  h.     If  it  wen*  ft  :^:S,  tlie 
names  brachy-  and  macro-  would  be  excbimcced,  and  also  the  long  and  short  ninrl<s  in  the 
Naumimn  symliols.    Tlie  use  of  accents  to  distinguish  prisms,  domes,  and  pyramids  «ccord- 
ing  t()  iheir  position  is  to  be  noted. 


Macropyramidsf ) 
h>k  ) 


d  :  Go5  :  (od 

co/)f :  5  :  00  <5 

00 ({  :  oo5  :6 

d:i :  co6 
(8  :  —  J  :  ooi 

&  :ni  lo^d 

&:  ^  7ii  :  cod 

n&  :i  :(x>d 

nd  :h  lood 

d  :  oo5  :md 

"  d  :coh  :ni6 

cod  :h  imd 

cod  i  —  iimd 

a  :b  :  mc 

—  a  :  b  :mc 

—  ai  —  bimc 
a  :  "  b  :mc 

d  :ni  :  md 

—  d  :ni  : md 
—  df :  —  7i5  :  md 

d  :  —ni  :m6 


Naumann. 
oo  Poo  or  i'l,  a 

00  P  <»  or  i-f,  b 

OP  or  0,  c 

ooP'orT,  m 

00 'P  or '/.J/ 

00  P'h  or  1-7/ 

00  'Pw  or  'i-7i 

00  Pii  or  i-n 

00  Pn  or  i'U 

m'P'^  or'm.-%' 

m^P^co  or  ^m-V 

mP^ '  or  m-i 

^mPoo  or  vi'l 
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Brachypyramids  ) 
h<k  S 


nd:h:  mS 

—  nd  ihifni 

—  :nd  :  —  h  :md 

ndi  —  limt 


mP'n  or  m-n' 
m^Pn  or  ,m-H 
mPJi  or  m-7i, 
m'J^h  or  'ffi-Ti, 


(hkl) 

(hkl) 

(hkl) 

L  ih'kl) 

200.  The  explanations  given  under  the  two  preceding  systems  make  it 
unnecessary  to  discuss  in  detail  the  various  forms  individually,  except  as 
333.  illustrated  in  the  case  of  crystals  belonging  to  certain 

typicjil  triclinic  species. 

It  may  be  mentioned,  however,  that  Fig.  333  shows 
the  diametral  prism,  which  is  bounded  by  three  sets  of 
unlike  faces,  the  pinacoids  a,  h,  and  c.  This  is  the 
analogue  of  the  cuoe  of  the  isometric  system,  but  here 
the  like  faces,  edges,  and  solid  angles  include  only  a 
given  face,  edge  and  angle,  and  that  opposite  to  it 

201.  lUuBtrationB.— A  typical  triclinic  crystal  is 
shown  in  Fig.  334  of  axinite,  already  introduced.^  Here 
a  (100)  is  the  macropinacoid ;  m  (110)  and  if  (110)  the 
two  unit  prisms;  s  (*^01)  a  macrodome,  and  x  (111)  and 
r  (111)  two  unit  pyramids.   The  axial  ratio  is  as  follows: 

d\l\6-  0-49  : 1  :  0-48,  a  =  82°  64',  /?  =  91^  52',  y  =  131°  32'. 

Figs.  335,  336  show  two  crystals  of  rhodonite,  a  species  which  is  allied  to 
pyroxene,  and  which  approximates  to  it  in  angle  and  habit.    Here  the  faces 


334. 


336. 


336. 


Axinite. 


Rhodonite. 


337. 


338. 


are:  Pinacoids  a  (100),  b  (010),  c  (001);   prisms  m  (110),  M  {\lQ)\  pyramids 
q  (221),  k  (221),  n  (22l),  r  (ill). 

Further  illustrations  are  given  by  Fig.  337  of  albite  and  Fig.  338  of  anor- 
thite.  The  symbols  of  the  faces, 
besides  the  pinacoids  and  the 
unit  prisms, are  as  follows:  Fig. 
337,  X  (lOl);  Fig.  338,  prisms 
/(ISO),  z  (150);  domes  ^(207), 
y  (301),  e(021),r  (06]),w(02l); 
'pyramids  m  (111),  a  (ill), 
0  (III),/)  (211).  In  Fig.  338 
of  anorthite  the  similarity  of 
the  crystal  to  one  of  orthoclase 
is  evident  on  slight  examination 
(cf.  Figs.  319,  320),  and  careful 
study  with  the  measurement  of  angles  shows  that  the  correspondence  is  very 


Albiie. 


Anorthite. 
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close.    Henoe  in  this  case  the  choice  of  the  fundamental  planes  is  readily 
made. 

Fig.  339  represents  a  crystal  (artificial)  of  blue  vitriol,  the  mineral  chal- 

339.  340. 


Wb 


canthite;  Fi^.  d39a  gives  a  projection  on  a  zone  normal  to  the  prisms,  and 
Fig.  340  a  spnerical  projection.  The  last  figure  also  shows  the  symbols  of  the 
different  faces. 


another 


2.  ASYMMETRIC  GROUP  (32). 

202.  Besides  the  normal  group  of  the  triclinic  system 
lie  group,  possessing  symmetry  neither  with 
respect  to  a  plane^  axis  nor  center;  in  it  a  given 
form  has  one  face  only.  This  group,  the  cuym' 
metric  class  of  Groth,  finds  examples  among  a 
nnmber  of  artificial  salts.  One  of  these  is  calcium 
thioaulphate  (CaS,0,.  6H  0);  as  yet  no  mineral 
species  is  known  to  be  included  here.  This  is  the 
most  general  of  all  the  thirty-two  types  of  forms 
classified  according  to  their  symmetiy  and  comes 
first,  therefore,  if  the  groups  are  arranged  in  order 
according  to  the  degree  of  symmetry  characterizing 
them.  This  group  is  one  of  those  whose  crystals 
may  show  circular  polarization.  This  is  true  of 
eleven  of  the  groups  which  have  been  described  in 
the  preceding  pages. 

Mathematical  Relations  of  the  Triclinic  System. 

208.  ChoiM  of  Ax6f. — It  is  obvious,  from  what  Ims  been  said  as  to  the  symmetnr  of  this 
"system,  that  anp  three  faces  of  a  triclinic  crystal  may  be  chosen  as  the  pinacoids,  or  the 
fnces  which  fix  the  position  of  the  axinl  plnnes  and  the  directions  of  the  axes;  moreover, 
there  is  a  like  liberty  in  the  choice  of  the  unit  prisms,  domes  or  pyramids  which  further  fix 
the  lengths  of  the  axes. 
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When  the  crystal  in  hand  is  allied  in  form  or  composition  to  other  speciet  vmeiu^  of 
the  same  or  different  systems,  this  fact  simplifies  the  problem  and  makes  the  cnoice  ot  «he 
fundamental  forms  easjr.  This  is  well  illustrated,  as  already  noted,  by  the  triclinic  feldsparB 
(e.g.,  albite  and  anorthite,  Figs.  387,  388)  which  are  near  in  angle  to  the  allied  monocliuic 
species  orthoclase.  Rhodonite  (Figs.  385,  886),  the  triclinic  member  of  the  pyroxene 
group,  is  another  good  example. 

In  other  cuses,  where  no  such  relationship  exists,  and  where  varied  habit  makes 
diflferent  orientations  plausible,  there  is  but  little  to  guide  the  choice.  This  is  illustrated 
in  the  case  of  axinite  (Fig.  384),  where  at  least  ten  distinct  positions  have  been  assumed  by 
different  authors. 

804.  Axial  and  Angalar  Xlsmants.— The  axial  elements  of  a  triclinic  crystal  are:  (1)  the 
axial  ratio,  which  expresses  the  lengths  of  the  axes  a  and  i  in  terms  of  the  third  axis,  b : 
and  (2)  the  angles  between  the  axes  a,  ff,  y  (Fig.  888).  There  are  here  five  quanthies  to  b* 
determined  which  obviously  require  the  measurenieut  of  five  independent  angles  between 
the  faces. 

The  anguUyir  elements  are  usual  I  v  taken  as  the  angles  between  the  pinacoids  and,  in 
addition,  those  between  each  pinacold  and  the  unit  face  lying  in  the  zone  of  the  other 
pinacoids;  that  is, 

aft,    100  A  010,    ac,     100  A  001,    be,    010  A  001: 
also 

am    100  A  110.  001  A  101,  001  A  Oil 

or,  instead,  any  one  or  all  of  these, 

aM,     100  A  110,  001  A  101.  001  A  Oil. 

Of  these  six  angles  taken,  one  is  determined  when  the  others  are  known. 

806.  The  mathematical  relations  existing  between  the  axial  angles  and  axial  ratio,  on  the 
one  hand,  and  the  angles  between  the  faces  on  the  other,  admit  of  being  drawn  out  m  lib 
great  completeness,  but  they  are  necessarily  complex  and  in  general  have  little  practical 
value.  In  fact,  most  of  the  problems  likely  to  arise  can  be  solved  by  means  of  ihe  iiiMiiglts 
of  the  spherical  projection,  together  with  the  cotangent  foimula  connecting  four  plm.ts  in 
the  same  zone  (Art.  47.  p.  31 »;  this  will  often  be  laborious  and  may  require  someingiiuiiiy. 
but  in  general  Involves  no  serious  difficulty.  In  connection  with  the  use  of  the  coiangti.t 
formula,  it  is  to  be  noted  that  in  certain  commonly  occurring  cases  its  form  is  much 
simplified;  some  of  these  have  already  been  explained  under  the  monoclinic  sys^tcm 
(Art.  196).    The  formulas  given  there  are  of  course  equally  applicable  here. 

806.  The  first  problem  may  be  to  find  the  axinl  elements  from  measured  angles.  Since 
these  elements  include  five  unknown  quantities,  viz.,  the  three  axial  angles  a,  /3,  y  and 
the  lengths  of  the  axes  a  and  h  in  terms  of  6,  five  measured  angles  are  required,  us  uiieiKiy 
stated. 

These  angles,  by  use  of  three  or  more  spherical  triangles,  will  serve  to  give  the  angles  (h  e 
Pig.  8^)  jr.  /o,  |/,  v,  r,  o-(or  the  corresponding  angles  id,  fj,  etc.,  in  the  adjacent  quadrants). 
The  ratio  of  the  sines  of  each  pair  of  tliese  angles  fixes  the  ratios  of  the  corresponding  axes 
(see*below).  The  full  axial  ratio  may  be  obtained  from  any  two  pairs  and  the  third  ratio 
serves  as  a  check  upon  the  results  given  by  the  other  two. 

The  simple  formulas  required  are : 

sin  r  _  sin  r'  _  a       sin  v  __  sin  >''  _  ^      sin  tt  _  sin  jr'  ^  i 
sin  c  ~  sin  o^  ""  6  '    sin  //  ~"  sin  ;/'  ""  a '     sin  p  ""  sin  p'  ~"  d ' 

If  the  corresponding  angles  for  the  general  case  are  given  (not  those  of  the  unit  zones),  the 
relations  are  similar.  That  is,  if  for  the  face  hkl  the  corresponding  angles  be  representee) 
by  To.  (To.  etc.,  where  ro,  ar^  are  the  angles  between  the  zone  circles  100,  001  and  100,  010 
respectively  and  the  zone  circle  001.  hkO  (and  similarly  for  ro,  o-o  in  the  adiaceni 
quadrant,  also  similarly  vq,  Mo,  etc.),  these  relations  may  be  expressed  in  the  general  form 


sin 


>  _  sin  r/  _    a   _  *    « 

sin  o-o  ""  sin  Co'  ~  hZ      A  '  6* 


sin  vo 


and  similarly  for     -; — ^,  etc 

sm  //o 
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llius  for  the  face  821  the  formulas  become 

sin  r,  _  a  __  2  a      sin  Vo  _  Si     sin  jt*  _  2i 
siu  a©  ""  1*  ""  3 6*     sill  jio~  a'    sin  p#  ~"  6 ' 

It  is  also  to  be  noted  that 

a  =  180*  -  ^,        /J  =  180''  -  J?,        r  =  180''  -  C. 

where  A,  B,  C  are  the  angles  in  the  piuacoidal  spherical  triangle  lOOOlO'OO^  at  tbcst* 
poles  respectively.    That  is. 

^  =  ;rfp=sjr,  +  po  =  (180"  -  a); 

B:=y  +  M  =  yo  +  Mo  =  (180"  -  fi); 

C  =  r4-<7r^ro  +  o-o  =  (180*  -  y)- 
Also 

180*  -  ^  =  jr'  +  p'  =  TT,'  4-  p.'  =  a. 

Hence,  having  given,  by  measurement  or  calculation,  the  angles  between  the  fares 
iib  ( lOO  A  010),  ac  (100  A  001)  and  be  (010  A  001),  which  are  the  sides  of  tbis  triangle. 
the  angles  A^  B,  C  are  calculated  and  their  supplements  are  the  axial  angles  a,  /fif,  y 
respectively. 

Still  another  series  of  equations  are  those  below,  which  give  the  relations  of  the  angles 
u.  y,  p.  etc.,  to  the  axes  and  axial  angles.  By  means  of  them,  with  the  sine  formulas 
eivea  above,  the  angular  elements  (and  other  angles)  can  be  calculated  from  the  axial 
elements. 

a  sin  /5         ^  e  sin  S 

tan  /*  r=  — '^     '    tan  v  =  — ; ^-—5. 

c  +  ttcosp  a-fccosp 

6  sin  a         ^  c  sin  a 

tan  p  =  — T-^ ;    tan  ;r  =  =--; . 

c  -\-  0  cos  a  6  +  c  cos  a 

a  sin  X         ,  6  sin  y 

tan  r  =57-5^ — ;    tan  a  = — ,  .     ^ — . 

6  -|>  a  cos  X  a  -f  6  cos  X 

These  equations  apply  when  jn  +  v,  etc.,  is  less  than  00";  if  their  sum  Is  greater  than 
90'  the  rini  in  the  denominator  is  negative. 

207.  Tlie  following  equations  are  also  often  useful;  they  give  the  relations  between  the 
angles  a,  (S,  y,  and  the  angles  /i,  v,  etc.,  already  defined. 

^  2  »in  p  sin  /»'  _  2  sin  n  sin  jr' 
"   sin  (p  —  p')  ""  sin  {it  —  n')  ' 

2  fin  fi  sin  u'  ^  2  sin  v  sin  v* 

sin  (//  —  fi')  ~~  sin  (v  —  y') ' 

2  sin  r  sin  r'      2  sin  o*  sin  tr' 


ian  fl  = 


tanx  = 


sin  (r  —  r*)        sin  (<r  —  a') ' 
Also, 

a+;r4.p  =  /y  +  yu  +  y  =  r  +  r  +  «r  =  180*. 

The  calculation,  from  the  angular  elements  or  from  the  assumed  fundamental  mensnre<l 
Angles,  either  (1)  of  the  angular  position  of  any  face  whose  symbol  is  given,  or  (2)  of  the 
symbol  of  an  unknown  face  for  which  measured  angles  are  at  hand,  requires  no  further 
explanation.  Tne  cotangent  formula  is  all  that  is  needed  in  a  single  zone,  and  the  solution 
of  spherical  triangles  on  the  projection  (with  the  use  of  the  sine  formulas)  will  suffice  iu 
addition  in  all  ordinary  cases. 
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MEASUREMENT  OF  THE  ANGLES  OF  CRYSTALS. 

208.  Hand-Ooniometen. — The  interfacial  angles  of  crystals  are  measured  by 
means  of  instruments  which  are  called  goniometers. 

The  simplest  form  is  the  hand-goniometer,  represented  in  Fig.  ^42. 
It  consists  of  an  arc,  graduated  to  half-degrees  or  finer,  and  two  movable 
arms.     In  the  instrument  figured,  one  of  the  arms,  ab,  has  the  motion  forward 

342. 


and  backward  by  means  of  slits  gh,  ik;  the  other  arm,  cd,  has  also  a  similar 
slit,  and  in  addition  it  turns  around  the  center  of  the  arc  as  an  axis.  The 
faces  whose  inclination  is  to  be  measured  are  applied  between  the  arms  ao,  co, 
and  the  latter  adjusted  so  that  they  and  the  surfaces  are  in  close,  con  tact; 
further,  the  arms  must  be  exactly  at  right  angles  to  the  intersection-edge. 
This  adjustment  must  be  made  witn  care,  and  when  the  instrument  is  held  up 
to  the  light  none  must  pass  through  between  the  arm  and  the  face.  The 
number  of  degrees  read  off  on  the  arc  between  k  and  the  left  edge  of  d  (tliis 
edge  being  in  the  line  of  the  center,  o,  of  the  arc)  is  the  angle  required.  'IMie 
motion  to  and  fro  by  means  of  the  slits  is  for  the  sake  of  convenience  in 
measuring  small  or  embedded  crystals.  In  a  better  form  of  the  in  strum  en  t 
the  arms- are  wholly  separated  from  the  arc;  and  the  arc  is  a  delicately 
graduated  circle  to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  useful  in  the  case  of  large  crystals  and  those 
wliose  faces  are  not  well  polished;  the  measurements  with  it,  however,  are 
seldom  accurate  within  a  quarter  of  a  degree.  In  the  finest  specimens  of 
crystals,  where  the  faces  are  smooth  and  lustrous,  results  far  more  accurate 
may  be  obtained  by  means  of  a  different  instrument,  called  the  reflecting 
goniometer. 

209.  Reflecting  Goniometer. — This  instrument,  devised  by  Wollaston  (1800), 
has  been  much  improved  in  its  various  parts  since  his  time  by  Mitscherli^b 
and  others.    The  principle  on  which  it  is  constructed  may  be  understood  by 


343. 
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reference  to  the  following  figure  (Fig.  343),  which  represents  the  section  of  a 
crystal,  whose  angle,  abc^  between  the  faces  a&,  he,  is  required. 

The  eye  at  P,  looking  at  the  face  of  the  crystal,  be,  observes  a  reflected 
image  of  wi,  in  the  direction  of  Pn,  The  crystal  may  now  be  so  changed  in 
its  position  that  the  same  image  is  seen  renected  by  the  343 

next  face  and  in  the  same  direction,  Pn.  To  effect  this, 
the  crystal  must  be  turned  around,  until  abd  has  the 
present  direction  of  be.  The  angle  dbc  measures,  there- 
fore, the  number  of  degrees  through  which  the  crystal 
must  be  turned;  it  may  be  measured  by  attaching  the 
crystal  to  a  ^dnated  circle,  which  turns  with  the  crystal. 
This  angle  is  the  supplement  of  the  interior  angle  between  the  two  faces,  or 
in  other  words  is  the  normal  angle,  or  angle  between  the  two  poles  (see  Art. 
41,  p.  28).  The  reflecting  goniometer  hence  gives  directly  the  angle  needed 
on  the  system  of  Miller  here  followed. 

Many  different  forms  of  reflecting  goniometer  of  simple  type  are  in  use. 
The  accompanying  figure  (Fig.  344)  will  sufiQce  to  make  clear  the  general 
character  of  the  instrument,  as  well  as  to  exhibit  some  of  the  refinements 
added  for  the  sake  of  greater  exactness  of  measurement. 

The  circle,  C,  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  means 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half-minutes. 
The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  Jc;  this  may  be 
removed  for  convenience,  but  in  its  final  position  it  is,  as  here,  at  the  extremity 
of  the  axis  of  the  instrument.  This  axis  is  moved  by  means  of  the  wheel,  n\ 
the  graduated  circle  is  moved  by  the  wheel,  m.  These  motions  are  so  arranged 
that  the  motion  of  n  is  independent,  its  axis  being  within  the  other,  while  on 
tlie  other  hand  the  revolution  of  m  moves  both  the  circle  and  the  axis  to  which 
the  crystal  is  attached.  This  arrangement  is  essential  for  convenience  in  the 
\^!!e  of  the  instrument,  as  will  be  seen  in  the  course  of  the  following  explanation. 
The  screws,  c,  d,  are  for  the  adjustment  of  the  crystal,  and  the  slides,  a,  b, 
serve  to  center  it. 

The  method  of  procedure  is  briefly  as  follows:  The  crystal  is  attached  by 
means  of  suitable  wax  at  k,  and  adjusted  by  the  hand  so  that  the  direction  of 
the  combination-edge  of  the  two  faces  to  be  measured  coincides  with  the  axis 
of  the  instrument;  the  wheel,  n,  is  turned  until  an  object  {e.g.,  a  window-bar) 
reflected  in  one  face  is  seen  to  coincide  with  another  object  not  reflected  {e.g., 
a  chalk-line  on  the  floor) ;  the  position  of  the  graduated  circle  is  observed,  and 
then  both  crystal  and  circle  revolved  together  by  means  of  the  wheel,  w,  till 
the  same  reflected  object  now  seen  in  the  seeond  face  a^ain  coincides  with  the 
fixed  object  (that  is,  the  chalk-line);  the  angle  through  which  the  circle  has 
been  moved,  as  read  off  by  means  of  the  vernier,  is  the  normal  angle  between 
the  two  faces. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of  which 
the  following  are  the  most  important: 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly  stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance  should 
not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted;  this  condition  is  satisfied  when 
the  line  seen  refiected  in  the  case  of  each  face  and  that  seen  directly  with 
which  it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only 
>^hen  the  intersection-edge  of  the  two  faces  measured  is  exactly  in  the  direction 
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of  the  axis  of  the  instrument,  and  perpendicular  to  the  plane  of  the  circle. 
The  adjustment  is  accomplished  roughly  by  the  hand  and  accurately  by  the 
screws  c  and  d. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection-edge  must  coincide  with  a  line  drawn  through  the 


344. 


revolving  axis.  This  condition  will  be  seen  to  be  distinct  from  the  preceding, 
which  required  only  that  the  two  directions  should  be  the  same.  The  error 
arising  when  this  condition  is  not  satisfied  diminishes  as  the  object  reflected  is 
removed  farther  from  the  instrument,  and  becomes  zero  if  the  object  is  at  an 
infinite  distance.  In  the  centering  of  the  crystal  the  slides  a  and  h  are 
employed. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  by  the  uso 
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of  a  telescope^  as  t  (Fig.  344),  with  slight  magnifying  power.  This  is  arranged 
for  parallel  light,  and  provided  with  a  hair-cross  in  its  focus.  It  admits  also 
of  some  adjustments,  as  seen  in  the  figure,  but  when  used  it  must  be  directed 
exactly  toward  the  axis  of  the  goniometer.  This  telescope  has  also  a  little 
magnifying-glass  {g)  attached  to  it,  which  allows  of  the  crystal  itself  being 
been  when  mounted  at  k.  This  latter  is  used  for  the  first  adiustments  of  the 
crystal,  and  then  slipped  aside,  when  some  distant  object  which  has  been  selected 
muse  be  seen  in  the  neld  of  the  telescope  as  reflected,  first  by  the  one  face  and 
then  by  the  other  as  the  wheel  m  is  revolved.  When  the  final  adjustments  have 
been  made  so  that  in  each  case  the  object  coincides  with  the  center  of  the  hair- 
cross  of  the  telescope,  and  when  further  the  edge  to  be  measured  has  been 
centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  face  is  smooth  and 
large  enough  to  ^ive  distinct  and  brilliant  reflections.*  In  many  cases  sufQcient 
accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and  a  white  chalk- 
line  on  the  floor  below  for  the  two  objects;  the  instrument  in  this  case  is 
placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to  the  window; 
the  eye  is  brougiit  very  close  to  the  crystal  and  held  motionless  during  the 
measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second  stands 
opposite  the  telescope,  t  (see  ngure),  the  centers  of  both  telescopes  being  in  the 
'same  plane  perpendicular  to  the  axis  of  the  instrument.  This  second  telescope 
iuis  also  a  hair-cross  in  the  focus,  and  this  when  illuminated  by  a  brilliant  gas- 
burner  (the  rest  of  the  instrument  being  protected  from  the  light  by  a  screen) 
^vill  be  reflected  in  the  successive  faces  of  the  crystal.  The  reflected  cross  is 
brought  in  coincidence  with  the  cross  in  the  flrst  telescope,  first  for  one  and 
then  for  the  other  face.  As  the  lines  are  delicate,  and  as  exact  coincidence 
can  take  place  only  after  perfect  adjustment,  it  is  evident  that  a  high  degree 
of  accuracy  is  possible.  Still  more  than  before,  however,  are  well-polished 
crystals  required,  so  that  in  many  cases  the  use  of  the  ordinary  double  tele- 
scopes is  impossible.  Very  often  the  hair-cross  of  the  second  telescope  may 
be  advantageously  replaced  by  a  bright  line  or  cross,  the  light  shining  tnrougli 
across  cut  in  tin-foil  (Schrauf),  or  as  given  by  the  analogous  Websky  signal. 
This  light-signal  is  visible. in  the  first  telescope  even  when  the  planes  are 
extremely  minute,  or,  on  the  other  hand,  somewhat  rough  and  uneven;  even 
if  the  image  is  not  perfectly  distinct,  it  may  be  suflBciently  so  to  admit  of  fairly 
good  measurements  (e.g,y  within  two  or  three  minutes). 

210.  Horisontal  Ooniometer. — A  form  of  reflecting  goniometer  well  adapted 
for  accurate  measurements  is  shown  in  Fie:.  34f .  It  is  made  on  the  Babinet 
type,  with  a  horizontal  graduated  circle;  the  instruments  of  the  Mitscherlich 
type,  jnst  described,  having  a  vertical  circle.  The  horizontal  circle  has  many 
advantages,  especially  when  it  is  desired  to  measure  the  angles  of  large  crystals 

*  When  planes  are  rough  and  destitute  of  luster  the  angles  can  often  best  be  obtained 
^v  use  of  a  candle-flame,  the  diffuse  reflection  of  whicli  in  the  given  face  takes  the  place  of 
niore  distinct  images.  For  embedded  crystals,  and  often  in  other  cases,  measurements  may 
\yfi  very  advantageously  made  from  impressions  in  some  nuiterial,  like  sealing-wax.  Angles 
tlius  obtained  ought  to  be  accurate  within  one  degree,  or  even  less,  and  suffice  for  many 
pur|)oses.  It  is  sometimes  of  advantage  to  attach  to  the  planes  to  be  measured,  ivhen  quite 
rough,  fragments  of  ihin  glass,  from  which  reflections  can  be  obtained;  this  must,  however, 
be  done  with  care,  to  avoid  considerable  error.  Occasionally  dusting  the  surface  with 
graphite  makes  a  "shimme'".  measurement  with  the  caudle-flame  possible,  or,  again, 
coveriDg  it  with  a  thin  film  of  gum  arable. 


116 


CRYSTALLOGRAPHY. 


or  those  which  are  attached  to  the  rock.    This  particular  form  of  instrament 
here  figured  *  is  made  by  R.  Fuess  in  Berlin. 

The  instrament  stands  on  a  tripod  with  leyeling  screws.  The  central 
axis,  0,  has  within  it  a  hollow  axis,  b,  with  which  tarns  the  plate,  d,  carrying 
the  verniers  and  also  the  observing  telescope,  the  apriffht  support  of  which  is 
shown  at  B.  Within  6  is  a  second  hollow  axis,  e,  which  carries  the  graduated 
circle,/,  above,  and  which  is  turned  by  the  screw-head,  ^;  the  tangent  screw,  a, 
serves  as  a  fine  adjustment  for  the  observing  telescope,  B,  the  screw,  c,  beiug 
for  this  purpose  raised  so  as  to  bind  b  and  e  together.  The  tangent  screw,  p, 
is  a  fine  adjustment  for  the  graduated  circle.  Again,  within  e  is  the  third 
axis,  h,  turned  by  the  screw-head,  i,  and  within  h  is  the  central  rod,  which 
carries  the  support  for  the  crystal,  with  the  adjusting  and  centering  con- 
trivances mentioned  below.    This  rod  can  be  raised  or  lowered  by  the  screw,  k, 


346. 


fism^^ 


so  as  to  bring  the  crystal  to  the  proper  height— that  is,  up  to  the  axis  of  the 
telescope;  when  this  has  been  accomplished,  the  clamp  at  p,  turned  by  a 
set-key,  binds  8  to  the  axis,  h.  The  movement  of  h  can  take  place  inde- 
pendently of  g,  but  after  the  crystal  is  ready  for  measurement  these  two  axes 
are  bound  together  by  the  set-screw,  L  The  signal  telescope  is  supported  at  T. 
firmly  attached  to  one  of  the  legs  of  the  tripod.  The  crystal  is  mounted  on 
the  plate,  w,  with  wax,  the  plate  is  clamped  by  the  screw,  v.  The  cevferinn 
apparatus  consists  of  two  slides  at  right  andes  to  each  other  (one  of  the>:p  is 
shown  in  the  figure)  and  the  screw,  a,  which  works  it;  the  end  of  the  other 
corresponding  screw  is  seen  at  a\  The  adjusting  arrangement  consists  of 
two  cylindrical  sections,  one  of  them,  r,  shown  in  the  figure,  the  other  is  at  r'; 
the  cylinders  have  a  common  center. 

*  The  figure  here  used  i«  fiom  the  catalogue  of  Fuess. 
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The  circle  is  graduated  to  degrees  and  quarter  degrees^  and  the  vernier 
gWes  the  readings  to  30'^  but  by  estimate  they  can  be  obtained  to  10''.  The 
signals  proyided  are  four  in  number,  each  in  its  own  tube,  to  be  inserted 
behind  tne  collimator  lens;  these  are:  (1)  the  ordinary  telescope  with  the 
bair-cross,  to  be  used  in  the  case  of  the  most  perfect  faces;  (2)  the  commonly 
used  signal,  proposed  by  Websky,  consisting  of  two  small  opaque  circles, 
whose  distance  apart  can  be  adjusted  by  a  screw  between  them;  the  light 
passing  between  these  circles  enters  the  tube  in  a  form  resembling  a  double  [ 
coDcaye  lens;  also  (3)  an  adjustable  slit;  and,  finally,  (4)  a  tube  with  a  single 
round  openinfi;,  very  small.  There  are  four  observing  telescopes  of  different 
angular  breadth  of  field  and  magnifying  power,  and  hence  suitable  for  faces 
varying  in  size  and  in  degree  of  polish. 

The  methods  to  be  employed,  both  in  making  the  preliminary  adjustments 
required  by  every  instvument  before  it  can  be  used  and  in  the  actual  measure- 
ment of  the  angl&  of  crystals,  have  been  described  by  WeBsky  *  with  a  fullness 
and  clearness  which  leave  nothing  to  be  desired,  and  reference  must  be  here 
made  to  his  memoir. 

211.  Theodolite-Ooniometer. — A  form  of  goniometer  f  having  many  practical 
advantages  has  two  independent  circles;  it  can  be  used  in  a  manner  analogous 
lo  that  of  the  ordinary  theodolite,  as  will  appear  below.  Instruments  of  this 
type  have  been  devised  independently  hj  Fedorow,  Czapski,  and  Goldschmidt. 
In  addition  to  the  usual  graduated  horizontal  circle  of  Fig.  345,  and  the  two 
accompanying  telescopes,  a  second  graduated  circle  is  added  which  revolves  in 
a  plane  at  right  angles  to  the  first;  to  the  latter  the  crystal  to  be  measured  is 
attached,  with  the  addition  of  suitable  adjusting  and  centering  contrivances. 

By  this  instrument,  instead  of  the  interfacial  angles  being  measured 
directly,  the  position  of  each  face  is  determined  independently  of  others  by 
the  measurement  of  its  angular  co-ordinates.  These  co-ordinates  are  the  angles 
(0  and  p  of  Goldschmidt)  measured,  respectively,  in  the  verticaJ  and  horizontal 
circles  from  an  assumed  pole  and  meridian,  which  are  fixed,  in  most  cases,  by 
the  symmetry  of  the  crystal.  In  practice  the  crystal  is  usually  so  mounted 
that  the  prismatic  zone  is  perpendicular  to  the  vertical  circle  and  a  pinacoid 
in  this  zone  is  the  zero  point.  For  example,  with  an  orthorhombic  crystal,  for 
the  face  111,  the  angle  0  is  eoual  to  010  A  HO  and  p  to  001  A  HI  for  the 
?iven  species.  Goldschmidt  has  shown  that  this  instrument  is  directly 
applicable  to  the  system  of  indices  and  methods  of  calculation  and  projection 
adopted  by  him,  which  admit  of  the  deducing  of  the  elements  and  symbols 
«f  a  given  crystal  with  a  minimum  of  labor  and  calculation.  J  Fedorow  has 
also  shown  that  this  instrument,  with  the  addition  of  the  appliances  devised 
^y  him,  can  be  most  conveniently  used  in  the  crystallograjihic  and  optical 
study  of  crystals. 

♦See  Websky,  Zs.  Kxyst.  3,  241.  1879;  4.  546,  1880;  also  Liebisch.  Bericht  tlber  die 
wmeDschaftllcbeD  Instrumente  auf  der  Berliner  GewerbeausstelluDir  im  Jahre  1879. 
pp.  380-883. 

,t  Fedorow,  Universal  or  Theodolit- Goniometer,  Zs.  Kr3'st.,  21.  574,  1893;  22.  229, 
893:  Czapski,  Zeitschr.  f.  Tnstmmentenkunde,  1,  1893;  Goldschmidt.  Zs.  Kryst.,  21,  210. 
1892;  24.  610,  1895;  26,  821,  538,  1896.  On  the  method  of  Goldschmidt,  see  t>alache.  Am. 
I'  8c. .  2.  279.  1896.  A  simplified  form  of  the  theodolite-goniometer  is  described  by 
SiQber,  Zs.  Kryst.,  29.  25.  1897. 

t  Goldschm'idffl  latest  contribution  to  this  subject  is  his  work,  Krystallographische 
Winkeltabellen  f482  pp..  Berlin.  1897).  This  gives  the  angles  required  by  his  system 
lor  nil  known  species.  Bee  also  Zs.  Kryst.,  29,  361, 
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COMPOUND  OR  TWIN  CRYSTALS. 

212.  Twin  Cryrtak. — Twin  crystals  are  those  in  which  one  or  more  parts 
regularly  arranged  are  in  reverse  position  with  reference  to  the  other  part  or 
parts.  They  often  appear  externally  to  consist  of  two  or  more  crystals 
symmetrically  united,  and  sometimes  have  the  form  of  a  cross  or  star.  They 
also  exhibit  the  composition  in  the  reversed  arrangement  of  part  of  the  faces. 


346. 


348. 


Thenardite. 


Coliimbite. 


Cbalazita. 


349. 


360. 


in  the  strisB  of  the  surface,  and  in  re-entering  angles;  in  certain  cases  the 
compound  structure  can  only  be  surely  detected  hy  an  examination  in  polarized 
light.  The  above  figures  (Figs.  346-348)  are  examples  of  typical  kinds  of 
twin  crystals,  and  many  others  are  given  on  the  pages  following. 

To  illustrate  the  relation  of  the  parts  in  a  twin  crystal,  Figs.  349,  350  are 

given.  Fig.  349  shows  a  regular 
octahedron  divided  into  two 
halves  by  a  plane  parallel  to  an 
oetahedal  face.  If  now  the 
lower  half  be  supposed  to  be 
revolved  180°  about  an  axis 
normal  to  this  plane,  the 
twinned  octahedron  of  Fig.  350 
results.  This  is  a  common 
type  of  twin  in  the  isometric 
system,  and  the  method  here 
employed  to  describe  the  posi- 
tion of  the  parts  of  the  crystal  to  one  another  is  applicable  to  nearly  all  twins. 
213.  It  is  important  to  understand  that  crystals,  or  parts  of  crystals,  so 
grouped  as  to  occupy  parallel  positions  with  reference  to  each  other — that 
is,  those  whose  similar  faces  are  parallel— are  not  called  twins;  the  term  is 
applied  only  where  the  crystals  or  parts  of  them  are  united  in  their  reversed 
position  in  accordance  with  some  deducible  mathematical  law.  Tlius  Fitr. 
351,  which  represents  a  cluster  of  partial  crystals  of  analcite,  is  said  to  be  a 
case  ot  parallel  grouping  simply  (see  Art.  231);  but  Fig.  369  illustrates  twin- 
ning, and  this  is  true  of  Fig.  378  also.  Since  though  in  these  cases  the  axes 
remain  paraJlel  the  similar  faces  (and  planes  of  symmetry)  are  reversed  in 
position. 
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214.  Twinning-azis.— The  relative  position  of  the  parts  of  a  twinned 
crystal  can  be  best  described  as  just  explained,  by  reference  to  that  line  or  axis 
called   the  twinning-axis,  a  revolution  of  180    about  3^^ 

which  would  serve  to  bring  the  twinned  part  parallel  to 
the  other,  or  in  other  woras,  which  would  cause  one  of 
the  parallel  parts  to  take  a  twinned  position  relatively 
to  the  other. 

^The  twinning-azis  is  always  a  possible  crystalline 
hue — that  is,  either  a  crystallographic  axis  or  the  normal 
to  some  possible  face  on  the  crystal,  usually  one  of 
the  common  fundamental  forms. 

It  is  not  to  be  supposed  that  ordinary  twins  have 
actually  been  formed  by  such  a  revolution  of  the  parts 
of  crystals,  for  all  twins  (except  those  of  secondary  Analclte, 

origin,  see  Art.  221)  are  the  result  of  regular  molecular 
growth  or  enlargement,  like  that  of  the  simple  crystal.  This  reference  to  a 
revolution^  and  an  axis  of  revolution^  is  only  a  convenient  means  of  describing 
the  forms. 

In  certain  rare  cases,  particularly  of  certain  pseudo-hexagonal  species,  a 
revolution  of  60°  or  120°  about  a  normal  to  the  base  has  been  assumed  to 
explain  the  complex  group  observed. 

215.  Twinning-phme. — The  plane  normal  to  the  axis  of  revolution  is 
called  the  twinning -plane.  The  axis  and  plane  of  twinning  bear  the  same 
relation  to  both  individuals  in  their  reversed  position;  consequently,  in  the 
majority  of  cases  the  twinned  crystals  are  symmetrical  with  reference  to  the 
tw  inning-plane. 

—  The  twinning-plane  is,  with  rare  exceptions,  parallel  to  a  possible  occurring 
face  on  the  given  species,  and  usually  one  of  the  more  frequent  or  f  undamentd 
forms.  The  exceptions  occur  only  in  the  triclinic  and  monoclinic  systems, 
where  the  twinning-axis  is  sometimes  one  of  the  oblique  crystallographic  axes, 
and  then  the  plane  of  twinning  normal  to  it  is  obviously  not  necessarily  a 
crystallographic  plane;  this  is  conspicuously  true  in  albite. 

216.  Composition-plane.— The  plane  by  which  the  reversed  crystals  are 
united  is  the  compos  it  ion-plane.  This  and  the  twinning-plane  very  commonly 
coincide;  this  is  true  of  the  simple  example  given  above  (Fig.  350),  where 
the  plane  about  which  the  revolution  may  be  conceived  to  take  place  (normal 
to  the  twinning-axis)  and  the  plane  by  which  the  semi-individuals  are  united 
are  identical.  When  not  coinciding,  the  two  planes  are  generally  at  right 
angles  to  each  other— that  is,  the  composition-plane  is  parallel  to  the  axis  of 
revolution.  Examples  of  this  are  given  beyond.  Still  again,  where  the 
crystals  are  not  regularly  developed,  and  where  they  interpenetri^te,  the  contact 
surface  may  be  interrupted,  or  may  be  exceedingly  irregular.  In  such  cases 
the  axis  and  plane  of  twinning  have,  as  always,  a  definite  position,  but  the 
conn  position-plane  loses  its  significance. 

Thus  in  quartz  twins  the  interpenetrating  parts  have  often  no  rectilinear 
boundary,  but  mingle  in  the  most  irregular  manner  throughout  the  mass, 
showing  this  composite  irregularity  by  abrupt  variations  in  the  character  of 
the  surfaces.  This  irregular  internal  structure,  found  in  many  quartz  crystals, 
even  the  common  kinds,  is  well  brought  out  by  means  of  polarized  light;  also 
by  etching  witli  hydrofluoric  acid. 

The  composition-plane  has  sometimes  a  more  definite  signification  than  the 
twinning-plane.    This  is  due  to  the  fact  that  in  many  cases,  whereas  the  former 
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is  fixed,  the  twinnin^-axis  (and  twinning-plane)  may  be  exchanged  for  another 

line  (and  plane)  at  right  angles  to  each,  respectively;  since  a  revolution  about 

362.         the  second  axis  will  also  satisfy  the  conditions  of  producing  the 

required  form.    An  example  of  this  is  furnished  by  Fig.  352,  of 

orthoclase;  the  composition-plane  is  here  fixed — namely,  parallel 

to  the  crystal  face,  h  (010).     But  the  axis  of  revolution  may  b«^ 

either  (1)  parallel  to  this  face  and  normal  to  a  (100),  whicii  is 

then  conse(][uently  the  twinning-plane, ^though  the  axis  does  woi 

coincide  with  the  crystallographic  axis;  or  (2)  the  twinning-axis 

may  be  taken  as  coinciding  with  the  vertical  axis,  and  then  tlie 

twinning-plane  normal  to  it  is  not  a  crystallographic  face.     In 

^T^te .    /  other  simpler  cases,  also,  the  same  principle  holds  good,  generally 

^^~^^/    in  consequence  of  the  possible  mutual  interchange  of  the  planes 

of  twinning  and   composition.     In   most  cases  the  true  twinning-plane  is 

evident,  since  it  is  .parallel  to  some  face  on  the  crystal  of  simple  mathematical 

ratio. 

217.  An  intereBting  example  of  the  possible  choice  between  two  twiuning-axes  at  right 
angles  to  each  other  is  furnished  by  the  species  staurolite.  Fig.  409  shows  a  piismutic  twin 
from  Fannin  Co. ,  Ga.  The  measured  angle  for  bb  was  70"  30'.  The  twinning-axis  de<luced 
from  this  may  be  normal  to  the  face  (280),  which  would  then  be  the  twinning-plane.  Or, 
instead  of  this  axis,  its  complementary  axis  at  right  angles  to  it  may  be  taken,  which  would 
equally  well  produce  the  observed  form.  Now  m  this  species  it  happens  that  the  faces.  130 
and  dSO  (over  100),  are  almost  exactly  at  right  angles  with  each  other,  and.  according  to  the 
latter  supposition,  130  becomes  the  twinning-plaue,  and  the  axis  of  revolution  is  normal  to 
it.  Hence,  either  230  or  180  may  be  the  twinning-pluue,  either  supposition  agreeing  closely 
with  the  measured  angle  (which  could  not  be  obtained  with  great  accuracy).  The  former 
method  of  twinning  (tw.  pi.  230)  conforms  to  the  other  twins  observed  on  the  species,  and 
hence  it  may  be  accepted.  What  is  true  in  this  case,  however,  is  not  always  true,  fr  it 
will  seldom  happen  that  of  the  two  complementary  axes  each  is  so  nearl v  normal  to  a  face 
of  the  crvstal.  In  most  cases  one  of  the  two  axes  conforms  to  the  law  in  being  n  normal 
to  a  possible  face,  and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  is  the 
true  twinning-axis. 

Another  interesting  case  is  that  furnished  by  columbite.  The  common  tv/ius  of  (he 
species  are  similar  to  Fig.  847,  p.  118,  and  have  « (021)  as  the  twinning-plane;  but  twins 
also  occur  like  Fig.  404.  p.  128,  where  the  twinning-plane  is  q  (023).  The  two  faces,  021 
and  023,  are  nearly  at  right  angles  to  each  other,  but  the  measured  angles  are  in  this  case 
sufficiently  exact  to  prove  that  the  two  kinds  cannot  be  referred  to  one  and  the  same  law. 

218.  CoEtaot-  and  PeEetration-twins. — In  contact-tiouiSy  when  normally 
formed,  the  two  halves  are  simply  connate,  being  united  to  each  other  by  the 
composition-plane;  they  are  illustrated  by  Figs.  347,  350,  etc.  In  actually 
occurring  crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by 
theory,  but  one  may  preponderate  to  a  CTeater  or  less  extent  over  the  other; 
in  some  cases  only  a  small  portion  of  the  second  individual  in  the  reversed 
position  may  exist.  Very  great  irregularities  are  observed  in  nature  in  this 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  abnormal 
developments  of  one  or  other  of  the  parts,  and  often  only  an  indistinct  line  on 
some  of  the  faces  marks  the  division  between  the  two  individuals. 

Penetratio7i'twin8  are  those  in  which  two  or  more  complete  crystals  inter- 
penetrate,  as  it  were  crossing  through  each  other.  Normally,  the  crystals  have 
a  common  center,  which  is  the  center  of  the  axial  system  for  both;  practically, 
however,  as  in  contact-twins,  great  irregularities  occur. 

Examples  of  twins  of  this  second  kind  are  given  in  the  annexed  figures. 
Fig.  353  of  fluorite.  Fig.  354  of  tetrahedrite,  and  Fig.  355  of  chabazite.  Other 
examples  occur  in  the  pages  following,  as,  for  instance,  of  the  species  staurolite 
(Figs.  408-411),  the  crystals  of  which  sometimes  occur  in  nature  with  almost 
the  perfect  symmetry  demanded  by  theory.     It  is  obvious  that  the  distinction 
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between  contact-  and  penetration-twins  is  not  of  great  importance,  and  the  line 
cannot  always  be  clearly  drawn  between  them. 


363. 


364. 


366. 


Flnorite. 


TetT&hedrite. 


Cbabazlte. 


366. 


Rutile. 


219.  Pangtnle  and  Metagenie  Twini.— Tbe  distinction  of  pangenic  and  metageuic  twius 
belongs  ratber  to  crystallogeny  tban  crystal logrnpiiy.  Yet  tbe  forms  are  often  so  obyiousiy 
distinct  that  a  brief  notice  of  tbe  distinctiou  is  important. 

In  ordinary  twins,  tbe  compound  structure  bud  its  beginning  in 
a  nucleal  compound  molecule,  or  was  compound  in  its  yery  ori^n, 
and  wbatever  inequalities  in  tbe  result,  tbese  are  only  irregularities 
in  tbe  development  from  sucb  a  nucleus.  But  in  otbers,  tbe  crystal 
was  at  first  simple;  and  afterwards,  tbroueb  some  cbange  in  itself  or 
in  tbe  condition  of  tbe  material  suppliea  for  its  increaae,  received 
new  layers,  or  a  continuation,  in  a  reversed  position.  Tbis  mode  of 
twinning  is  meiagenie,  or  a  result  subsequent  to  tbe  origin  of  tbe 
cr}'stal;  wbile  tbe  ordinary  mode  is  paragenic.  One  form  of  it  is 
illustrated  in  Fig.  856.  Tbe  middle  portion  bad  attained  a  lengtb  of 
half  an  inch  or  more,  and  tben  l>ecame  geniculated  simultaneously 
at  eitber  extremity.  Tbese  geniculations  are  often  repeated  in  rutile, 
and  the  ends  of  tbe  crystal  are  tbus  bent  into  one  another,  and 
occasionally  produce  nearly  regular  prismatic  forms. 

Tbis  metagenic  twinning  is  sometimes  presented  by  tbe  successlye 
layers  of  deposition  in  a  crystal,  as  in  some  quartz  crystals,  especially 
amethyst,  the  inseparable  layers,  exceedingly  thin,  being  of  opposite  kinds.  In  a  similar 
manner,  crystals  of  tbe  tricUuic  feldspars,  albite,  etc.,  are  often  made  up  of  thin  plates 
parallel  to  b  (010),  by  oscillatory  composition,  and  tbe  face  c  (001),  accordingly,  is  tinely 
striated  panillel  to  the  edge  e,  b, 

220.  Eepeated  Twinning,  Polysynthetic  and  Symmetrical —In  the  preceding 
paragraph  one  case  of  repeated  twinning  has  been  mentioned,  that  of  the  feld- 
spars; it  is  a  case  ot  parallel  repetition  or  parallel  grouping  in  reversed  position 
of  soccessiye  crystalline  InmellsB.  This  kind  of  twinning  is  often  called  poly- 
synthetic  twinning^  the  lamellsa  in  many  cases  being  extremely  thin,  and  giving 
rise  to  a*  series  of  parallel  lines  (striations)  on  a  crystal  face  or  a  surface  of 
cleavage.  The  triclinic  feldspars  show  in  many  cases  polysynthetic  twinning 
and  not  infrequently  on  both  c  (001)  and  h  (010),  cf.  p.  130.  It  is  also  observed 
with  magnetite  (Fig.  456),  pyroxene,  barite,  etc. 

Another  kind  of  repeated  twinning  is  illustrated  by  Figs.  357-362,  where 
the  successively  reversed  individuals  are  not  parallel.  In  these  cases  the  axes 
may,  however,  lie  in  a  zone,  as  the  prismatic  twins  of  aragonite,  or  they  may 
be  inclined  to  each  other,  as  in  Fig.  359  of  staurolite.  In  all  such  cases  the 
repetition  of  the  twinning  tends  to  produce  circular  forms,  when  the  angle 
between  the  two  axial  systems  is  an  aliquot  part  of  360°  (approximately). 
Thus  six-rayed  twinned  crystals,  consisting  of  three  individuals  (hence  called 
trillings),  occur  with  chrysoberyl  (Fig.  357),  or  cerussite  (Fig.  358),  or  staurolite 
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{¥is.  359)y  since  three  times  the  angle  of  twinning  in  each  case  is  not  far  from 
360  .    Again,  fiye-fold  twins,  or  fivelings,  occar  in  the  octahedrons  of  gold  and 


367. 


368. 


369. 


Spiuel. 


Rutile. 


Phillipsite. 


apinel  (Fig.  360),  since  5  X  70°  32'  =  360**  (anprox.).  Eight-fold  twins,  or 
eightlhujSy  of  rutile  (Figs.  361,  357)  occur,  since  the  angle  of  the  axes  in  twinned 
position  goes  approximately  eight  times  in  360°. 

Repeated  twinning  of  the  symmetrical  type  often  serves  to  give  the  com- 
pound crystal  an  apparent  symmetry  of  higher  grade  than  that  of  the  simple 
mdividual,  and  the  result  is  often  spoken  of  as  a  kind  of  pseudo-symmetry(Art. 
20),  cf.  Fig.  397  of  aragonite,  which  represents  a  paeudo-hexagonal  crystal. 
Fig.  362  of  phillipsite  (cf.  Figs.  422-424)  is  an  interesting  case,  since  it  shows 
how  a  multiple  twin  of  a  monoclinic  crystal  may  simulate  an  isometric  crystal 
(dodecahedron). 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  not  of  common  occurence;  an  excellent  example  is  afforded  by 
staurolite.  Fig.  411.  They  have  also  been  observed  on  albite,  orthoclase,  anvl 
in  other  cases. 

221.  Secondary  Twinning. — When  there  is  reason  to  believe  that  the  twin- 
ning has  been  produced  subsequently  to  the  original  formation  of  the  crystal, 
or  crystalline  mass,  as,  for  example,  by  pressure,  it  is  said  to  be  secondary. 
Thus  the  calcite  grains  of  a  crystalline  limestone  often  show  such  secondary 
twinning  lamellas.  The  same  are  occasionally  observed  (\c,  001)  in  pyroxene 
crystals.    Further,  the  polysynthetic  twinning  of  the  triclinic  feldspars  is  often 
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aecondary  in  ori^n.  This  subject  is  further  discussed  on  a  later  page,  where 
it  is  also  ex})lained  that  in  certain  cases  twinning  may  be  produced  artificially 
in  a  crystal  indiyidual— 0.^.^  in  calcite  (see  Art.  261). 

EXAMPLES  OP  IMPORTANT  METHODS  OF  TWINNING. 

222.  Isometric  System. — With  few  exceptions  the  twins  of  the  normal 
group  of  this  system  are  of  one  kind,  the  twinning-axis  an  octahedral  axis,  and 
the  twinning-plane  consequently  parallel  to  an  octahedral  face;  in  most  cases, 
also,  the  latter  coincides  with  the  composition -plane.  Fig.  350,  p.  118,*  shows 
this  kind  as  applied  to  the  simple  octanedron;  it  is  especially  common  with  the 
spinel  group  of  minerals,  and  is  hence  called  in  general  a  spinel-twin,  Fi^. 
363  is  a  similar  more  complex  form;  Fig.  364  shows  8  cube  twinned  by  this 


363. 


364. 


366. 


Qalena 


Copper. 


Copper. 


method,  and  Fig.  365  represents  the  same  form  but  shortened  in  the  direction 
of  the  octahedral  axis,  and  hence  having  the  anomalous  aspect  of  a  triangular 
pyramid.     All  these  cases  are  contact-twins. 

Penetration-twins,  following  the  same  law,  are  also  common.    A  simple 
case  of  fluorite  is  shown  in  Fig.  353,  p.  121;  Fig.  366  shows  one  of  galena; 


367. 


368. 


Galena. 


Hatlynite. 


Sodalite. 


Fig.  367  is  a  repeated  octahedral  twin  of  hauynite,  and  Fig.  368  a  dodecahednd 
twm  of  sodalite. 


*  It  will  be  noted  that  here  and  elsewhere  the  lettei-s  used  to  designate  the  faces  on  the 
iwiuned  parts  of  crystals  are  distinguished  by  a  subscript  line. 
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223.  In  the  pyritohedral  group  of  the  isometric  system  penetration-twins 
369.  of  the  type  shown  in  Fig.  369  are  common  (this  form  of 

pyrite  is  often  called  the  iron  cross).  Here  the  cubic 
axis  is  the  twinning-axis,  and  obviously  such  a  twin  is 
impossible  in  the  normal  group. 

I'igs.  370  and  371  show  analogous  forms  with  parallel 
axes  for  crystals  belonging  to  the  tetrahedral  group. 
The  peculiar  development  of  Fig.  370  of  tetrahedrite  is 
to  be  noted.  Fig.  372  is  a  twin  of  the  ordinary  spinel 
type  of  another  tetrahedral  species,  sphalerite;  with  it, 
complex  forms  with  repeated  twinning  are  not  uncommon 
and  sometimes  polysynthetic  twin  lamellae  are  noted. 

224.  Tetragonal  System. — The  most  common  method  is  that  where  the 
twinning-plane  is  parallel  to  a  face  of  the  pyramid,  e  (101).  It  is  esi)ecially 
characteristic  of  the  species  of  the  rutile  group — viz.,  rutile  and  cassiterite; 


Pyrite. 


370. 


371. 


372. 


Tetrahedrite.  Eulylite.  Spbulcrite. 

also  similarly  the  allied  species  zircon.  This  is  illustrated  in  Fig.  373,  and 
again  in  Fig.  374.  Fig.  375  shows  a  repeated  twin  of  rutile,  the  twinning 
according  to  this  law;  the  vertical  axes  oi  the  successive  six  individuals  lie 
in  a  plane,  and  an  inclosed  circle  is  the  result.    Another  repeated  twin  of  rutile 

373.  374.  376 


Cassiterite. 


Zircon. 


Rutile. 


according  to  the  same  law  is  shown  in  Fig.  361;  here  the  successive  vertical 
axes  form  a  zigzag  line;  Fig.  376  shows  an  analogous  twin  of  hausmannite. 

Another  kind  of  twinning,  twinning-plane  parallel  to  a  face  of  the  pyramid 
(301),  is  shown  in  Fig.  377. 

225.  In  the  pyramidal  group  of  the  same  system  twins  of  the  type  of  Fig. 
378  are  not  rare.  Here  the  vertical  axis,  i,  is  the  twinning-axis;  such  a 
crystal  may  simulate  one  of  the  normal  group. 
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376.  377.  378. 


Hausmannite.  Rutile.  Scbeelite. 

In  chalcopyrite,  of  the  sphenoidal  group,  twinning  with  a  face  of  the  unit 
pyramid,  /  (111),  as  the  twinning-plane  is  common  (Pig.  379).  As  the  angles 
differ  but  a  small  fraction  of  a  degree  from  those  of  a  regular  octaliedron,  such 
twins  often  resemble  closely  spinel-twins.  In  Fig.  380  a  repeated  twin  of  this 
type  has  a  psendo-rhombohedral  aspect.  In  Fig.  381  the  twinning-plane  is 
« (101).     Otner  rarer  kinds  of  twinning  have  also  been  noted. 

379.  380.  381. 


382. 


Cbalcopyrlte. 

226.  Hexagonal  System. — In  the  hexagonal  division  of  this  system  twins 
are  rare.  An  example  is  furnished  by  pyrrhotito,  Fig. 
382,  where  the  twinning-plane  is  the  pyramid  (1011),  the 
vertical  axes  of  tlie  itidividual  crystals  being  nearly  at 
right  angles  to  each  other  (since  OOCl  A  lOll  =  45°  8'). 
Apparent  cruciform  twins  of  apatite,  of  the  pyramidal 

roup,  have  been  noted  in  some  rare  cases.     Here  the 
iagonal  pyramid  s  (ll2l)  was  the  plane  which  seemed 
to  be  the  twinning-plane.     These  cases  need  confirma- 
Pyrrholite.  tion. 

227.  In  the  species  belonging  to  the  trigonal  or  rhomhohedral  division, 
twins  are  common.  Thus  the  twmning-axis  may  be  the  vertical  axis,  as  in  the 
contact-twins  of  Figs.  383  and  384,  or  the  penetration-twins  of  Figs.  348,  385. 
Or  the  twinning-plane  may  be  the  obtuse  rhombohedron  e  (0112),  as  in  Fig. 
386,  the  vertical  axes  crossing  at  angles  of  127^°  and  52^°;  these  forms  are 
often  cnriously  distorted,  as  in  Figs.  387,  388.  Again,  the  twinning-plane  may 
be  r  (lOll),  as  in  Fig.  389,  the  vertical  axes  nearlv  at  right  angles  (90f°);  or 
(0521),  as  in  Fig.  390,  the  axes  inclined  53}°  and  120^^  In  Fig.  391  of 
^melinite  the  twinning-plane  is  the  rhombohedron  (3032),  which  corresponds 
in  angle  with  the  common  fcndamental  form  of  the  allied  species  chabazite. 
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384. 


386. 


389. 


390. 


391. 


Figs.  386-890,  Calclte.  Pig.  391,  Gmelinite. 
In  the  trapezohedral  group,  the  species  quartz  shows  several  methods  of 
twinning.  In  Fig.  392  the  twinning-plane  is  the  diagonal  pyramid  5  (11 32), 
the  axes  crossing  at  angles  of  84i**  and  95^°,  In  Fig.  393  the  twinning-axis 
is  <!,  the  axes  hence  parallel,  the  individuals  both  right-  or  both  left-handed 
but  unsymmetrical,  r  (1011)  then  parallel  to  and  coinciding  with  z  (0111).  The 
resulting  forms,  as  in  Fig.  393,  are  mostly  penetration-twins,  and  the  parts  are 
often  very  irregularly  united,  as  shown  by  dull  areas  (z)  on  the  plus  rhomho- 
hedral  face  (r) ;  otherwise  these  twins  are  recognized  by  pyro-electrical  j)lie- 
nomena.  In  Fig.  394  the  twinning-plane  is  a  (ll50)— the  Brazil  law— the 
individuals  respectively  right-  and  left-handed  and  the  twin  symmetrical  with 
reference  to  an  a-face;  these  are  usually  irregular  penetration-twins;  in  these 
twins  r  and  r,  also  z  and  Zy  coincide.  These  twins  often  show,  in  converging 
polarized  light,  the  phenomenon  of  Airy's  spirals.  It  may  be  added  that 
pseudo-twins  of  quartz  are  common — that  is,  groups  of  crystals  which  nearly 
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conform  to  some  more  or  less  complex  twinning  law,  but  where  the  ffrouping 
is  nevertheless  only  accidental.     See  also  the  remarks  in  Art.  232  about 


Fig.  433. 


392. 


393. 


394. 


396. 


\^ 


ilgs.  892>d94,  Quartz.    F!g.  395,  Pbenacite. 

In  Fig.  395  of  pbenacite  (of.  p.  80  ei  seq.)  the  vertical  axis  is  obviously  the 
twinning-axis. 

228.  Orthorhombic  System. — In  the  orthorhombic  system  the  commonest 
method  of  twinning  is  that  where  the  twinning-plane  is  a  face  of  a  prism  of 

396.  397.  398. 


.4SP7I 


Figs.  396-898,  Aragonite. 
399. 


fiO%  or  nearly  60^  This  is  well  shown  with  the  species  of  the  aragonite  group 
In  accordance  with  the  principle  stated  in  Art.  220,  the  twinning  after  this 
law  is  often  repeated,  and  thus  forms  with  pseudo-hexagonal  symmetry  result. 
Fig.  396  shows  a  simple  twin  of  aragonite;  Figs.  397,  398  repeated  forms 
exhibiting  the  irregularities  on  the  faces  due  to  the  fact  that  the  prismatic 
angle  is  not  exactly  60°.  Fig.  399,  a-e,  show  further  some  of  the  methods  of 
composition  which  have  been  noted;    in   e  the  twinning  is  polysynthetic. 
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400. 


401. 


With  witherite  (and  bromlite),  apparent  hexagonal  pyramids  (Figs.  400,  401) 
are  common^  but  the  true  complex  twinning  is  revealed  in  polarized  light, 
as  noted  later. 

Twinning  of  the  same  type,  but  where  a  dome  of 
60°  is  twinning-plane,  is  common  with  arsenopyrite 
(tw.  pi.  e  (101),  as  shown  in  Figs.  402, 403 ;  also  Fig.  404 
of  columbite,  but  compare  Fig.  347  and  remarks  in 
Art.  217.  Another  example  is  given  in  Fig.  357  of 
alexandrite  (chrysoberyl).  Chrysolite,  man^nite, 
humite,  are  other  species  with  which  this  kind  of 
twinning  is  common. 

403.  404. 


Witherite. 
402. 


Arsenopyrite. 


Columbite. 


Another  common  method  of  twinning  is  that  where  the  twinning  is 
parallel  to  a  face  of  a  prism  of  about  70^°,  as  shown  in  Fig.  405.  With  this 
method  symmetrical  fivelings  not  infrequently  occur  (Figs.  406,  407). 


406. 


406. 


407. 


Marcasite.  Marcasite.  ArsenopTrite. 

The  species  staurolite  illustrates  three  kinds  of  twinning.    In  Fig.  408  the 

408.  409.  410. 


»«  w     J        ft 
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twiuning-plane  is  (032),aiid  since  (001  A  032)  =  45°  41 ', the  crystals  cross  nearly 
^jj  ^12  ^^  right  angles.     In  Fig.  409  the  twinning- 

plane  is  the  prism  (230).  In  Fig.  410  it  is 
the  pyramid  (23*3) ;  the  crystals  tlien  cross- 
ing at  angles  of  abont  60',  stellate  trillings 
occur  (see  Fig.  359),  and  indeed  more  com- 
plex form«.  In  Fig.  411  there  is  twinning 
according  to  both  (032)  and  (232). 

In  the  hemimorphic  group,  twins  of  the 
type  shown  in  Fig.  412,  with  c  as  the  twin- 
ning^lane,  are  to  be  noted. 

229.  Monoclinic  System. — In  the  mono- 
clinic  system,  twins  with  the  vertical  axis  as 


Staurolite. 


Struvite. 


twinning-axis  are  common ;  this  is  illustrated 
by  Fig.  413  of  angite  (pyroxene),  Fig.  414  of  gypsum,  and  Fig.  415  of  ortho- 
claae  (see  also  Fig.  362,  p»  120).  With  the  latter  species  these  twins  are  called 
Carhbad  twins  (because  common  in  the  trachyte  of  Carlsbad,  Bohemia);  they 
may  be  contact-twins  (Fig.  352),  or  irregular  penetration-twins  (Fig.  415).  In 
Fig.  352  it  is  to  be  noted  that  c  and  x  fall  nearly  in  the  same  plane. 


413. 


414. 


416. 


,d^^=^ 


w 


Augite.  Gypsum.  Orthoclase. 

In  Fig.  416,  also  of  orthoclase,  the  twinning-plane  is  the  clinodome  (021), 
and  since  (001  A  021)  =  44"  66^',  this  method  of  twinning  yields  nearly 
square  prisms.  These  twins  are  called  Baveno  twins  (from  a  prominent 
locality  at  Baveno,  Italy);  they  are  often  repeated  (Fig.  417).     In  Fig.  418  a 


416. 


417. 


418. 


Orthoclase. 

M<niebach  ttvin  is  shown;  here  the  twinning-plane  is  c  (001).  Other  rarer 
types  of  twinning  have  been  noted  with  orthoclase.  Polysynthetic  twinning 
with  c  (001)  as  twinning-plane  is  common  with  pyroxene  (cf.  Fig.  430,  p.  131). 
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Twins  of  the  aragonite-chryaoberyl  type,  are  not  uncommon  with  mono- 
clinic  species,  having  a  prominent  60**  prism  (or  dome),  as  in  Fig.  419.  Stellute 
twins  after  this  law  are  common  with  chondrodite  and  clinohumite.  An  anal- 
ogous twin  of  pyroxene  is  shown  in  Fig.  420;  here  the  pyramid  (l22)  is  tln^ 
twinning-plane,  and  since  (010  A  l22)  =  69°  21',  the  crystals  cross  at  angh.s 
of  nearly  60°;  further,  the  orthopinacoids  fall  nearly  in  a  common  zone,  siiK . 
(100  A  122)  =  90°  9'.    In  Fig.  421  the  twinning-plane  is  the  orthodon'. 


419. 


420. 


421. 


Wolframite. 


Pyroxene. 


Pyroxene. 


(101).  Phillipsite  and  harmotome  exhibit  multiple  twinning,  and  the  crystals 
often  show  pseudo-symmetry.  Fig.  422  shows  a  cruciform  fourling  with  c  (001 1 
as  twinning-plane,  the  twinning  shown  by  the  striations  on  tne  side  fao<'. 
This  is  compounded  in  Fig.  423  with  twinning-plane  (Oil),  making  nearl\ 
square  prisms,  and  this  further  repeated  with  m  (110)  as  twinning-plaif 
yields  the  form  in  Fig.  424,  or  even  Fig.  362,  p.  122,  resembling  an  isometric 
dodecahedron,  each  face  showing  a  fourfold  striation. 


422. 


423. 


424. 


Phillipsite. 

230.  Triclinic  System. — The  most  interesting  twins  of  the  triclinic 
system  are  those  shown  by  the  feldspars.  Twinning  with  J  (010)  as  the 
twinning-plane  is  very  common,  especially  polysynthetic  twinning  yieldiiii^ 
thin  parallel  lamellae,  shown  by  the  striations  on  the  face  c  (or  the  correspondiiiL- 
cleavage-surface),  and  also  clearly  revealed  in  polarized  light.  This  is  know: 
as  the  alUie  law  (Fig.  425).  Another  important  method  (Fig.  426)  is  that  t.i 
the  pericline  law;  the  twinning-axis  is  the  crystallographic  axis  b.  Here  the 
twins  are  united  by  a  section  (rhombic  section)  shown  in  the  figure  and  further 
explained  under  the  feldspars.  Polysynthetic  twinning  after  this  law  is  com- 
mon, and  hence  a  cleavage-mass  may  show  two  sets  of  striations,  one  on  the 
surface  parallel  to  c  (001)  and  the  other  on  that  parallel  to  b  (010).     Tlie 
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angle  made  by  these  last  striations  with  the  edge  001/010  is  characteristic  of 
tbe  particular  triclinic  species^  as  noted  later. 

426.  426.  427. 


Labradorite.  Albite.  A]  bite. 

Twins  of  albite  of  other  rarer  types  also  occur,  and  further  twins  similar 
to  the  Carlsbad,  Baveno,  and  Manebach  twins  of  orthoclase.  Fig.  427  shows 
twinning  according  to  both  the  albite  and  Carlsbad  types. 


REGULAR  GROUPING   OF  CRYSTALS. 

231.  Parallel  Oronping. — Connected  with  the  subject  of  twin  crystals  is 
that  of  the  parallel  position  of  associated  crystals  of  the  same  species,  or  of 
d  liferent  species. 

Crystals  of  the  same  species  occurring  together  are  very  commonly  in 
428.  parallel   position.     In  this  way  large  crystals,  as  of 

calcite,  quartz,  fiuorite,  are  sometimes  built  up  of 
smaller  individuals  grouped  together  with  correspond- 
ing faces  parallel.  This  parallel  grouping  is  often 
seen  in  crystals  as  tbey  lie  on  the  supporting  rock. 
On  glancing  the  eye  over  a  surface  covered  with 
crystals  a  reflection  from  one  face  will  often  be 
accompanied  by  reflections  from  the  corresponding 
face  in  each  of  the  other  crystals,  sliowing  that  the 
crystals  are  throughout  similar  in  their  positions. 

With  many  species,  complex  crystalline  forms  result 
from  tlie  growth  of  parallel  partial  crystals  in  the  direc- 
tion  of  the  crystallographic  axes,  or  axes  of  symmetry. 
429.  430.^  431. 


Copper.  Amphibole  enclosing 

pyroxene  in  parallel  position. 


Xenotime  enclosing  zircon  in 
parallel  position. 
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Thii8  dendritic  forms,  resembling  branching  yegetation,  often  of  great  delicacy, 
are  seen  with  gold,  copper,  argentite,  and  other  species,  especially  those  of  the 
isometric  system.  This  is  shown  in  Fig.  428  (ideal),  and  again  in  Fig.  4x^l», 
where  the  twinned  and  flattened  cubes  (cf.  Fig.  365,  p.  123)  are  grouped  iu 
directions  corresponding  to  the  diagonals  of  an  octahedral  face  which  is  the 
twinning-plane. 

232.  Parallel  Oronping  of  Unlike  Species. — Crystals  of  different  species  often 
show  the  same  tendency  to  parallelism  in  mutual  position.  This  is  true  most 
fre()uently  of  species  which  are  more  or  less  closely  similar  in  form  and  com- 
position. Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  some- 
times an  example  of  this;  crystals  of  amphibole  and  pyroxene  (Fig.  430),  of 
zircon  and  xenotime  (Fig.  431),  of  yarious  kinds  of  mica,  are  also  at  times 
obseryed  associated  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  yertical  axes  of  the  former  coinciding  with  the  lateral  axes  of 
the  latter.    Crystals  of  calcite  haye  been  obseryed  whose  rhombohedral  faces 


432. 


433. 


had  a  series  of  quartz  crystals  upon  them,  all  in  parallel  position  (Fig.  432) ; 
sometimes  three  such  quartz  crystals,  one  on  each  rhombohedral  face, 
entirely  enyelop  the  calcite,  and  unite  with  re-entering  angles  to  form  pseudo- 
twins  (rather  trillings)  of  quartz  after  calcite.  A  similar  occurrence  from 
Specimen  Mountain,  in  the  Yellowstone  Park,  is  shown  in  Fig.  433. 
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233.  The  laws  of  crystallization,  when  unmodified  by  extrinsic  canses* 
should  produce  forms  of  exact  geometrical  symmetry,  the  angles  being  not 
only  equal,  but  also  the  homologous  faces  of  crystals  and  the  dimensions  in  the 
directions  of  like  axes.  This  symmetry  is,  however,  so  uncommon  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  The  yarious  possible 
kinds  of  symmetry,  and  the  relation  of  this  ideal  geometrical  symmetry  to  the 
actual  crystallographic  symmetry,  haye  been  discussed  in  Arts.  14  and  IS  ft 
seq.  Crystals  are  yery  generally  distorted,  and  often  the  fundamental  forms 
are  so  completely  disguised  that  an  intimate  familiarity  with  the  possible 
irregularities  is  required  in  order' to  unravel  their  complexities.  Even  the 
angles  may  occasionally  vary  rather  widely. 

The  irregularities  of  crystals  maybe  treated  of  under  several  heads:  1, 
Variations  of  form  and  dimensions ;  2,  Imperfections  of  surface;  3,  Varia- 
tions of  angles;  4,  Internal  imperfections  and  impurities. 
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1.  VARIATIONS  IN  THE  FORMS  AND  DIMENSIONS 
OF  CRYSTALS. 

234.  Distortion  in  General. — The  variations  in  the  forma  of  crystals^  or^  in 
ther  words,  their  distortion ^  may  be  irregular  in  character,  certain  faces 
eing  larger  and  others  smaller  than  in  the  ideal  geometrical  solid.  On  the 
ther  hand,  it  may  be  symmetrical,  giving  to  the  distorted  form  the  symmetry 
f  a  group  or  system  different  from  that  to  which  it  actually  belongs.  '1  he 
ormer  case  is  the  common  rule,  but  the  latter  is  the  more  interesting. 

235.  Irrognlar  Distortion. — As  stated  above  and  on  p.  11,  all  crystals  show 

to  a  greater  or  less  extent  an  irregular 
or  accidental  variation  from  the  ideal 
geometrical  form.  This  distortion,  if 
not  accompanied  by  change  in  the  inter- 
facial  angles,  has  no  particular  signifi- 
cance, and  does  not  involve  any  deviation 
from  the  laws  of  crystal lographic  sym- 
metry. Figs.  434,  435  show  distorted 
crystals  of  quartz;  they  may  be  compared 

Fig.  436  is  an  ideal  and  Fig.  437  an 


434. 


435. 


with  the  ideal  form.  Fig.  266,  p.  83. 


436. 


437. 


438. 


Apatite. 


actual  crystal  of  lazulite.    So,  too,  Fig.  438  is  a  distorted  crystal  of  apatite,  to 
be  compared  with  Fig.  216,  p.  72. 

The  correct  ideDtification  of  tbe  forms  on  a  crystal  is  rendered  much  more  iliflScult 
Kcause  of  this  prevailing  dlstortioD,  especially  when  it  results  in  the  entire  obliteration  of 
ertaiD  faces  by  the  enlargement  of  others,  tn  deciphering  the  distorted  crystulline  forms 
>  irnist  be  remembered  that  while  the  appearance  of  the  crystals  may  be  entirely  altered, 
^  ioterfiicial  angles  remain  the  same  :  moreover,  like  faces  are  physically  alike— that  is, 
Rke  ia  dec^ree  of  Taster,  in  striations,  nnd  so  on.  Thus  the  prismatic  faces  of  quaitz  show 
imost  always  characteristic  horizontal  striations 

In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
pater  irregularities  are  due  to  the  fact  that,  in  many  cases,  crystals  in  nature 
e  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in  consequence 
this  are  only  partially  developed.  Thus  quartz  crystals  are  generally  attached 
one  extremity  of  the  prism,  and  hence  have  only  one  set  of  pyramidal  faces; 
jrfectly  formed  crystals,  having  the  double  pyramid  complete,  are  rare. 
236.  Symmetrical  Distortion. — The  most  interesting  examples  of  the  syni- 
fttrical  distortion  of  crystalline  forms  are  found  among  crystals  of  the 
ometric  system.     An  elongation  in  the  direction  of  one  cubic  axis  may  give 


134 


CBYSTALLOORAPU  Y. 


the  appearance  of  tetragonal  symmetry,  or  that  in  the  direction  of  two  cnbi< 
axes  of  orthorhombic  symmetry;  while  in  the  direction  of  an  octahedral  axii 
a  lengthening  or  shortening  gives  rise  to  forms  ol  apparent  rhombohedra 
symmetry.     Such  cases  are  common  with  native  gold,  silver,  and  copper. 

A  cube  lengtheDed  or  shortened  along  one  axU  becomes  a  right  square  pnsm,  and  i: 
varied  in  the  direction  of  two  axes  is  changed  to  a  rectangular  prism.  Cubc»  of  pyrite 
galena,  fluorite.  etc.,  are  often  thus  distort^.  It  is  very  unusual  to  find  a  cubic  crvsta 
that  is  a  trne  symmetrical  cube.  In  some  species  the  cube  or  octahedron  (or  other  isometric 
form)  is  lengthened  into  a  capillary  crystal  or  needle,  as  happens  in  cuprite  and  pyrite. 

An  octahedron /la ^^tfri^  parallel  to  a  face — that  is.  in  the  direction  of  a  trigouHl  interaxis- 
is  reduced  to  a  tabular  crystal  resembling  a  rhombohedral  crystal  with  basal  plane  (Fii:, 
489).  If  lengthened  in  the  same  direction,  to  the  obliteration  of  the  terminal  octahednii 
faces,  it  becomes  an  acute  rhombohedron  (cf.  Fig.  440). 


439. 


440. 


441. 


When  an  octahedron  is  extended  in  the  direction  of  a  line  between  two  opposite  edges. 
or  that  of  a  rhombic  interaxis,  it  has  the  general  form  of  a  rectangular  octahedron  :  ami 
still  farther  extended,  as  in  Fig.  441,  it  is  changed  to  a  rhombic  prism  with  dihedral  siim^ 
mits  (spinel,  fluorite,  magnetite).    The  flgure  repreisents  this  prism  lying  on  its  acute  c(i<re. 

The  dodecahedron  lengthened  in  the  direction  of  a  diagonal  between  the  obtuse  soliJ 


442. 


443. 


444. 


446. 


angles — that  is,  that  of  a  trigonal  interaxis— becomes  a  six-sided  prism  with  three-sided  sui 
raits,  as  in  Fi^.  443.  If  shortened  in  the  same  direction,  it  becomes  a  short  prism  of  tJ 
same  kind  (Fig.  448).  Both  resemble  rhombohedral  forms  and  are  common  in  garu 
(compare  Fig.  284,  p.  76,  of  calcite).  When  lengthened  in  the  direction  of  one  of  the  cu)) 
axes,  the  dodecahedron  becomes  a  square  prism  with  pyramidal  summits  (Fig.  444).  an 
Bliortened  along  the  same  axis  it  is  reduced  to  a  square  octahedron,  with  truncated  bai 
nuples  (Fig.  445). 

The  trapezohedron  elongated  in  the  direction  of  an  octahedral  (trigonal)  axis  assunii 
rhombohedral  (trigonal)  symmetry.  The  resulting  forms  referred  to  the  usual  hexagon 
axes  for  both  (311)  and  (311)  are  as  follows : 


(211)  (1014) 
(211)  (1232) 
(112)        (1010) 


(811)  (20S5) 
(81  i)  (2248) 
(8li)        (4041) 
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For  (211)  the  resulting  form  is  first  that  of  Fig.  446,  and  if  still  farther  leDgtbened,  to  the 
jbliieration  of  some  of  the  faces,  it  becomes  a  scalenohedroo  (Fig.  447).  Tliis  has  been 
observed  in  fluorite.     Only  twelve  faces  are  here  present  out  of  ibe  twenty-four. '  If  the 


446. 


447. 


448. 


449. 


elongation  of  this  trapezohedron  (211)  takes  place  along  a  cubic  axis,  it  becomes  a  double 
eight-sided  pyramid  with  four-sided  summits  (Fig.  448) ;  or  if  these  summit  planes  are 
obliterated  by  a  farther  extension,  it  becomes  a  complete  eight- sided  double  pyramid 
iFi^.  449). 

The  accompanying  figures  illustrate  the  rhombohedral  distortion  of  the  trapezohedron 
(311 1,  cf.  Fig.  93,  p.  &.    Fig.  450  shows  the  faces  as  projected  on  a  plane  normal  to  an 


450. 


461. 


462. 


453. 


octahedral  axis,  and  Fig.  451  gives  the  resulting  distorted  form,  resembling  an  acute 

rhombohedron  (4041),  a  diagonal  pyramid  (2243),  and  an  obtuse  terminal  rhombohedron 
454^  455  (2025).     The  native  gold  from  the  White  Bull  mine, 

Oregon,  sometimes  consists  of  a  slender  string  of 
such  rhombohedral  crystals,  and  not  infrequently 
there  are  minor  branches  in  the  direction  of  two  or 
more  of  the  other  octahedral  axes  (Figs.  452.  458). 
The  trisoclahedron  is  rare  as  a  prominent  form, 
but  a  curious  example  of  its  distortion  is  given  in 
Figs.  454,  455  of  pyrite  from  French  Creek.  Penn. 
The  form,  apparently  tetragonal  (or  orthorhombic). 
shows  only  eight  faces  of  the  trisoctahedron  r(382), 
and  these  are  strongly  rounded;  faces  of  the  pyrito- 
hedron  e  (210)  also  appear  as  a  subordinate  form. 
Similarly  the  tetrahexahedron  and  hexoctahedron 

may  show  distortion  of  the  same  kind.    Further  examples  are  to  be  found  in  the  other 

systems. 
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2.    IMPERFECTIONS  OF  THE  SURFACES  OF  CRYSTALS. 

237.  Striationa  Due  to  Oscillatory  Combinations. — ^The  parallel  lines  or 
farrows  on  the  surfaces  of  crystals  are  called  strim  or  striations,  and  sncii 
surfaces  are  said  to  be  striated. 

Each  little  ridge  on  a  striated  surface  is  enclosed  by  two  narrow  planes 
more  or  less  regular.  These  planes  often  correspond  in  position  to  different 
faces  of  the  crystal,  and  these  ridges  have  been  formed  by  a  continued 
oscillation  in  the  operation  of  the  causes  that  give  rise,  when  acting  uninter 
ruptedly,  to  enlarged  faces.  By  this  means,  the  surfaces  of  a  crystal  are 
marked  in  parallel  lines,  with  a  succession  of  narrow  planes  meeting  at  ai. 
angle  and  constituting  the  ridges  referred  to. 

This  combination  of  different  planes  in  the  formation  of  a 'surface  has  becTi 
termed  oscillatory  combination.  The  horizontal  striations  on  prismatic 
crystals  of  quartz  are  examples  of  this  combination,  in  which  the  oscillation 
hais  taken  place  between  the  prismatic  and  rhombohedral  faces.  Tliii> 
crystals  of  quartz  are  often  tapered  to  a  point,  without  the  usual  pyramidal 
terminations. 

Other  examples  are  the  striations  on  the  cubic  faces  of  nyrite  parallel  to 
the  intersections  of  the  cube  with  the  faces  of  the  pyri toned ron;  also  the 
striations  on  magnetite  due  to  the  oscillation  between  the  octahedron  and 
dodecahedron.  Frisms  of  tourmaline  are  very  commonly  bounded  vertically 
by  three  convex  surfaces,  owing  to  an  oscillatory  combination  of  the  faces  in 
the  prismatic  zone. 

238.  Striations  Due  to  Repeated  Twinning.— The  striations  of  the  basal 
plane  of  albite  and  other  triclinic  feldspars,  also  of  the  rhombohedral  surfaces 

466.  of  some  calcite,  have  been  explained  in  Art.  220  as  due 

to  polysynthetic  twinning.  This  is  illustrated  by 
Fig.  456  of  magnetite  from  Port  Henry,  N.  Y. 
(Kemp.) 

239.  Markings  from  Erosion  and  Other  Causes.- 
The  faces  of  crystals  are  not  uncommonly  uneven,  or 
have  the  crystalline  structure  developed  as  a  con- 
sequence of  etching  by  some  chemical  agent.  Cubes 
of  galena  are  often  thus  uneven,  and  crystals  of  lead 
sulphate  (anglesite)  or  lead  carbonate  (cerussite)  are 
sometimes  present  as  evidence  with  regard  to  the 
cause.  Crystals  of  numerous  other  species,  even  of 
Magnetite.  corundum,  spinel,  quartz,  etc.,  sometimes  show  the 

same  result  of  partial  change  over  the  surface — often  the  incipient  stage  in  a 
process  tending  to  a  final  removal  of  the  whole  crystal.  Interesting  investiga- 
tions have  been  made  by  various  authors  on  the  action  of  solvents  on  different 
minerals,  the  actual  structure  of  the  crystals  being  developed  in  this  way. 
This  method  of  etching  is  fully  discussed,  with  illustrations,  in  another  place 
(Art.  266). 

The  marking  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  such  depressions,  as  well  as  the  minute 
elevations  upon  the  faces  having  the  form  of  low  pyramids  (so-called  vicinal 
prominences),  are  a  part  of  the  original  molecular  growth  of  the  crystal,  ami 
often  serve  to  show  the  successive  stages  in  its  history.  They  may  be  imper- 
fections arising  from  an  interrupted  or  disturbed  development  of  the  form,  the 
perfectly  smooth  and  even  crystalline  faces  being  the  result  of  completed 
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action  free  from  disturbing  causes.  Examples  of  the  ma.*kings  referred  ta 
occar  on  the  crystals  of  most  minerals,  and  conspicuously  so  on  the  rhombo- 
hedral  faces  of  quartz. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  less 
distinct,  which  are  due  to  oscillatory  combination.  Octahedrons  of  fluorite 
are  common  which  have  for  each  face  a  surface  of  minute  cubes,  proceeding 
from  an  oscillation  between  the  cube  and  octahedron.  Sometimes  an  examina- 
tion of  such  a  crystal  shows  that  though  the  form  is  apparently  octahedral, 
there  are  no  octahedral  faces  present  at  all.  Other  similar  cases  could  be 
mentioned. 

Whatever  their  cause,  these  minute  markings  are  often  of  great  importance 
aa  reveling  the  true  molecular  symmetry  of  the  crystal.  For  it  follows  from 
the  symmetry  of  crystallization  that  like  faces  must  be  physically  alike — that 
is,  in  regard  to  their  surface  character;  it  thus  often  happens  that  on  all  the 
crystals  of  a  species  from  a  given  locality,  or  perhaps  from  all  localities,  the 
same  planes  are  etched  or  roughened  alike.  There  is  much  uniformity  on 
the  faces  of  quartz  crystals  in  this  respect. 

240.  Cunred  surfaces  may  result  from  {a)  oscillatory  combination;  or  (b) 
some  independent  molecular  condition  producing  curvatures  in  the  laminae  of 
the  crystal;  or  (c)  from  a  mechanical  cause. 

Curved  surfaces  of  the  first  kind  have  been  already  mentioned  (Art.  237). 
A  singular  curvature  of  this  nature  is  seen  in  Fig.  457,  of  calcite;  in  the  lower 
part  traces  of  a  scalenohedral  form  are  apparent  which  was  in  oscillatory  com- 
bination with  the  prismatic  form. 

Curvatures  of  tne  second  kind  sometimes  have  all  the  faces  convex.  This 
is  the  case  in  crystals  of  diamond  (Fig.  458),  some  of  which  are  almost 
spheres.  The  mode  of  curvature,  in  which  all  the  faces  are  equally  convex,  is 
less  common  than  that  in  which  a  convex  surface  is  opposite  and  parallel  to  a 
corresponding  concave  surface.  Bhombohedrons  of  dolomite  and  siderite  are 
usually  thus  curved.  The  feathery  curves  of  frost  on  windows  and  the 
flagging-stones  of  pavements  in  winter  are  other  examples.  The  alabaster 
rosettes  from  the  Mammoth  Cave,  Kentucky,  are  similar.  Stibnite  crystals 
sometimes  show  very  remarkable  curved  and  twisted  forms. 
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A  third  kind  of  curvature  is  of  mechanical  origin.    Sometimes  crystals 
appear  as  if  they  had  been  broken  transversely  into  many  pieces,  a  slight 
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displacement  of  which  has  given  a  curvedform  to  the  prism.  This  is  common 
in  tourmaline  and  beryl.  The  beryls  of  Monroe,  Conn.,  often  present  these 
interrupted  curvatures,  as  represented  in  Fig.  459. 

Crystals  not  infrequently  occur  with  a  deep  pyramidal  depression  occupying 
the  place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and  sulphur. 
This  is  due  in  part  to  their  rapid  growth. 

3.    VARIATIONS  IN  THE  ANGLES  OF  CRYSTALS. 

241.  The  greater  part  of  the  distortions  described  in  Arts.  235,  236 
occasion  no  change  in  the  interfacial  angles  of  crystals.  But  those  imper- 
fections that  produce  convex,  curved,  or  striated  faces  necessarily  cause  such 
variations.  Furthermore,  circumstances  of  heat  or  pressure  under  which 
the  crystals  were  formed  may  sometimes  have  resulted  not  only  in  distortion 
of  form,  but  also  some  variation  in  angle.  The  presence  of  impurities  at  the 
time  of  crystallization  may  also  have  a  like  effect. 

Still  more  important  is  the  change  in  the  angles  of  com})leted  crystals 
wliicli  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more  or 
less  complete  metamorphism  of  the  enclosing  rock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
Art.  252)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorphs  of  a  species  vary  much  in  angle. 

Ill  general  it  is  safe  to  affirm  that^  with  the  exception  of  the  irregularities 
arising  from  imperfections  in  the  process  of  crystallization,  or  from  the 
subsequent  changes  alluded  to,  variations  in  angles  are  rare,  and  the  constancy 
of  angle  alluded  to  in  Art.  11  is  the  universal  law. 

In  cases  where  a  greater  or  less  variation  in  angle  is  observed  in  the 
crystals  of  the  same  species  from  different  localities,  the  cause  for  this  can 
usually  be  found  in  a  difference  of  chemical  composition.  In  the  case  of 
isomorphous  compounds  it  is  well  known  that  an  exchange  of  corresponding 
chemically  equivalent  elements  may  take  place  without  a  change  of  form, 
though  usually  accompanied  with  a  slight  variation  in  the  fundamental 
angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  in  Art.  415. 

4.    INTERNAL  IMPERFECTIONS  AND  INCLUSIONS. 

242.  The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystal- 
lization; by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization;  or,  again,  by  the  presence  of  foreign  matter  resulting  from 
partial  chemical  alteration.  The  general  name,  inclusion^  is  given  to  any 
foreign  body  enclosed  within  the  crystal,  whatever  its  origin.  These  inclusions 
are  extremely  common;  they  may  be  gaseous,  liquid,  or  solid;  visible  to  the 
unaided  eye  or  requiring  the  use  of  the  microscope. 

Rapid  crystallization  is  a  common  explanation  of  inclusions.  This  is 
illustrated  by  quartz  crystals  containing  large  cavities  full  or  nearly  full  of 
water  (in  the  latter  case,  these  showing  a  movable  bubble) ;  or,  they  may 
contain  sand  or  iron  oxide  in  large  amount.  In  the  case  of  calcite,  crystalliza- 
tion from  a  liquid  largely  charged  with  a  foreign  material,  as  quartz  sand,  may 
result  in  the  formation  of  crystals  in  which  the  impurity  makes  up  as  much 
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as  two-thirds  of  the  whole  mass;  this  is  seen  in  the  famous  Fontainebleau 

limestone,  and  similarly  in  that  from  other  localities. 

243.  Liquid  and  Gas  Inclnsions. — Attention  was  early  called  by  Brewster 

to  tlie  presence  of  fluids  in  cavities  in  certain  minerals,  as  quartz,  topaz,  beryl, 

chrysolite,  etc.     In  later  years  this  subject  lias  been  thoroughly  studied  by 

Sorby,   Zirkel.   Vogelsang,  Fischer,  Rosenbusch, 

cand  others.     The  nature  of  the  liquid  can  often 

be  determined,  as  by  its  refractive  power,  or  by 

special  physical  test  (e.g.,  determination  of  the 

critical  point  in  the  case  of  CO,),  or  by  chemical 

examination.   In  the  majority  of  cases  the  observed 

liquid   is  simply  water;    but  it  may  be  the  salt 

solution  in  which  the  crystal  was  formed,  and  not 

ill  frequently,  especially  in    the  case  of  quartz, 

liquid   carbon  dioxide  (CO,),  as  first  proved  by 

Vogelsang.     These  liquid  inclusions  are  marked 

as  puch,  in  many  cases,  by  the  presence  in  the 

cavity  of  a  movable  bubble  of  gas.    Occasionally 

cavities  contain  two  liquids,  as  water  and  liquid 

carbon  dioxide,  the  latter  then  inclosing  a  bubble 

of  the  same  substance  as  ^as  (of.  Fi^.  460).     Interesting  experiments  can  be 

made  with  sections  showing  such  inclusions  (cf.  literature,  p.    141).     The 

mixture  of  gases  yielded   by  smoky  ouartz,  meteoric  iron,  and  other  sub- 
stances, on  the  application  of  heat,  has  oeen  analyzed  by  Wright. 

In  some  cases  the  cavities  appear  to  be  empty;  if  they  then  have  a  regular 

form  determined  by  the  crystallization  of  the  species,  they  are  often  called 

nefjative  crystals.   Such  cavities  are  commonly  of  secondary  origin,  as  remarked 

on  a  later  page. 

244.  Solid  Inclusions. — The  solid  inclusions  are  almost  infinite  in  their 

variety.  Sometimes  they  are  large  and  distinct,  and  can  be  referred  to  known 
mineral  species,  as  the  scales  of  gothite  or  hematite,  to 
which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity  in  many 
minera]s,appearing,  for  example,  in  thePennsbury  mica; 
quartz  is  also  often  mechanically  mixed,  as  in  staurolite 
and  graelinite.  On  the  other  hand,  quartz  crystals 
very  commonly  inclose  foreign  material,  such  as  chlorite, 
tourmaline,  rutile,  hematite,  asbestus,  and  many  other 
minerals.     (Cf.  also  Arts.  245,  246.) 

An  inlerestiug  example  of  the  iuclosure  of  cue  miDcral  by 
another  is  afforded  by  the  anuextd  figures  of  tourmaline  envelop- 
ing orthoclase.*  Fig.  461  shows  the  crystal  of  tourmaline  ;  and 
cross  sections  of  it  at  the  points  indicated  (a,  b,  c)  are  given  by 
Figs.  462,  468.  464.  The  latter  show  that  the  feldspar  incre^ises 
in  amount  in  the  lower  part  of  the  crystal,  the  tourmnline  being 
merely  a  thin  shell.  Similar  specimens  from  the  same  locality 
(Port  Henry,  Essex  Co.,  N.  Y.)  show  that  there  is  no  necessary 
connection  between  the  position  of  the  tourmaline  and  that  of 
the  feldspar. 

Similar  occurrences  are  those  of  trapezohedrons  of  garnet, 

where  the  latter  is  a  mere  shell,  inclosing  calcite,  or  sometimes  epidote  or  quartz  (Fig.  472). 


461. 


*  E.  H.  Williams.  Am.  .1.  Sc,  11,  273.  1876. 
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Analogous  cases  have  been  explained  by  some  authors  as  being  due  to  partial  pseudomorph 
ism,  the  alteration  progressing  from  the  center  outward. 
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The  inclasions  may  consist  of  a  heterogeneoas  mass  of  material;  as  the 
granitic  matter  seen  in  orthoclase  crystals  in  a  porphyritic  granite;  or  the 
feldspar,  quartz,  etc.,  sometimes  inclosed  in  large  coarse  crystals  of  beryl  or 
spodumene,  occurring  in  granite  veins. 

245.  Microlites,  Gryst^tes. — The  microscopic  crystals  observed  as  inclu- 
sions may  sometimes  be  referred  to  known  species,  but  more  generally  their 
true  nature  is  doubtful.  The  term  microlites,  proposed  by  Vogelsang,  is  often 
used  to  designate  the  minute  inclosed  crystals;  they  are  generally  of  needle- 
like form,  sometimes  quite  irregular,  and  often  very  remarkable  in  their 
arrangement  and  groupings;  some  of  them  are  exhibited  in  Fig.  470  and  Fi^. 
471,  as  explained  below.  Where  the  minute  individuals  belong  to  known 
species  tliey  are  called,  for  example,  feldspar  microlites,  etc. 

Crystallites  is  an  analogous  term  used  by  Vogelsang  to  cover  those  minute 
forms  which  have  not  the  regular  exterior  form  of  crystals,  but  may  be  con- 
sidered as  intermediate  between  amorphous  matter  and  true  crystals.    Some  of 
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the  forms  are  shown  in  Figs.  465-469;  they  are  often  observed  in  glassy  vol- 
canic rocks,  and  also  in  furnace-slags.  A  series  of  names  has  been  given  to 
varieties  of  crystallites,  such  as  globulites,  margarites,  etc.  Trichite  and 
belonite  are  names  introduced  by  Zirkel;  the  former  name  is  derived  from 
BfjiB,  hair;  trichites,  like  that  in  Fig.  469,  are  common  in  obsidian. 

The  microscopic  inclusions  may  also  be  of  an  irregular  glassy  nature;  this 
kind  is  often  observed  in  crystals  which  have  formed  from  a  molten  mass,  as 
lava  or  the  slag  of  an  iron  furnace. 

246.  Symmetrically  Arranged  Inclusions. — In  general,  while  the  solid 
inclusions  sometimes  occur  quite  irregularly  in  the  crystals,  they  are  more 
generally  arranged  with  some  evident  reference  to  the  synimet.rv  of  the  form, 
or  external  faces  of  the  crystals.    Examples  of  this  are  shown  in  the  following 
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finires.    Fig.  470  exhibits  a  crystal  of  aagite,  inclosing  magnetite,  felds{)ar 
and  nephelite  microlites^  etc.    Fig.  471  shows  a  crystal  of  leucite,  a  species 
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Augite  (Zirkel^ 
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Garnet  inclosing  quartz 
(Heddle). 


whose  crystals  very  commonly  inclose  foreign  matter.    Fig.  472  shows  a  section 
of  a  crystal  of  garnet,  containing  quartz. 


473. 
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Andalusite. 

Another  striking  example  is  afforded  by  andalusite  (Fig.  473),  in  which  the 
inclosed  carbonaceous  impurities  are  of  considerable  extent  and  remarkably 
arranged,  so  as  to  yield  symmetrical  figures  of  various  forms.  Staurolite 
occasionally  shows  analogous  carbonaceous  impurities 
symmetrically  distributed. 

The  magnetite  common  as  an  inclusion  in  muscovite, 
alluded  to  above, is  always  symmetrically  disposed,  usually 
parallel  to  the  directions  of  the  pei'cussion-figure  (Fig.  477, 
p.l49).  The  asterism  of  phlogopite  is  explained  by  the  pres- 
ence of  symmetrically  arranged  inclusion^  (cf.  Art.  342). 

Fig.  474  shows  an  interesting  case  of  symmetrically  arranged 
iDclu^ons  due  to  cbemical  alteration.  The  original  mineral,  spodu- 
mene,  from  Branchville,  Conn.,  has  been  altered  to  a  substance 
apparently  homogeneous  to  the  eye,  but  found  under  the  microscope 
to  have  the  structure  shown  in  Fi^.  474.  Chemical  analysis  proves 
tbe  base  to  be  albite  and  the  inclosed  hexagonal  minernl  to  be  a 
lithium  silicate  (LiAlSi04)  called  eucryptite.  It  has  not  yet  been  identified  except  In  this 
form. 
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CRYSTALLINE  AGGREGATES. 

247.  The  ^eater  part  of  the  Bpecimens  or  masses  of  minerals  that  occnr 
may  be  described  as  aggregations  of  imperfect  crystals.  Many  specimens 
whose  structure  appears  to  the  eye  quite  homogeneous,  and  destitute  internally 
of  distinct  crystallization,  can  be  shown  to  be  composed  of  crystalline  gniins. 
Under  the  above  head,  consequently,  are  included  all  the  remaining  varieties 
of  structure  among  minerals. 

The  individuals  composing  imperfectly  crystallized  individuals  may  be: 

1.  Columns,  or  fibers,  in  which  case  the  structure  is  columnar  or  fibrous. 

2.  Hdn  lamincB,  producing  a  lamellar  structure. 

3.  Grains,  constituting  a  graiudar  structure. 

248.  Golnmnar  and  Fibrous  Structure. — A  mineral  possesses  a  coltmnwr 
structure  when  it  is  made  up  of  slender  columns,  as  some  amphibole.  AVlien 
the  individuals  are  flattened  like  a  knife-blade,  as  in  cyanite,  the  structure  is 
said  to  be  bladed. 

The  structure  again  is  called ^Jrow5  when  the  mineral  is  made  up  of  fibei*8, 
as  in  asbestus,  also  the  satin-spar  variety  of  gypsum.  The  fibers  may  or  may 
not  be  separable.  There  are  many  gradations  between  coarse  columnar  and 
fine  fibrous  structures.    Fibrous  minerals  have  often  a  silky  luster. 

The  following  are  properly  varieties  of  columnar  or  fibrous  structure: 

Reticulated:  when  the  fibers  or  columns  cross  in  various  directions  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

J  Stellated :  when  they  radiate  fron  a  center  in  all  directions  and  produce 
star-like  forms.     Ex.  stilbite,  wavellite. 

Radiated,  divergent:  when  the  crystals  radiate  from  a  center  without 
producing  stellar  forms.     Ex.  quartz,  stibnite. 

249.  Lamellar  Structure. — The  structure  of  a  mineral  is  lamellar  when  it 
consists  of  plates  or  leaves.  The  laminae  may  be  curved  or  straight,  and  thiu< 
give  rise  to  the  curved  lamellar  and  straight  lamellar  structure.  Ex.  wollas- 
tonite  (tabular  spar),  some  varieties  of  gypsum*  talc,  etc.  If  the  plates  are 
approximately  parallel  about  a  common  center  the  structure  is  said  to  be 
concentric.  When  the  laminae  are  thin  and  separable,  the  structure  is  said  to 
be  foliaceons  or  foliated.  Mica  is  a  striking  example,  and  the  term  micaceous  is 
often  used  to  describe  this  kind  of  structure. 
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250.  Orannlar  Structure.— The  particles  in  a  granular  structure  differ  much 
in  size.  When  coarse,  the  mineral  is  described  as  coarse-granular;  when  fine^ 
fine-granular;  and  if  not  distinguishable  by  the  naked  eye,  the  structure  is 
termed  impalpable.  Examples  of  the  first  may  be  observed  in  granular  crystal- 
line limestone,  sometimes  called  saccharoidal;  of  the  second,  in  some  varieties 
of  hematite  ;  of  the  last,  in  some  kinds  of  sphalerite. 

The  above  terms  are  indefinite,  but  from  necessity,  afi  there  is  every  degree 
of  fineness  of  structure  among  mineral  species,  from  perfectly  impalpable, 
through  all  possible  shades,  to  the  coarsest  granular.  The  term  phanero-cri/a- 
talline  has  been  used  for  varieties  in  which  the  grains  are  distinct,  and  crypto- 
crysialline  for  those  in  which  they  are  not  discernible,  although  an  indistinct 
crystalline  structure  can  be  proved  by  the  microscope. 

Granular' minerals,  when  easily  crumbled  in  the  fingers,  are  said  to  be 
friable. 

251.  Imitative  Shapes.  —  The  following  are  important  terms  used  in 
describing  the  imitative  forms  of  massive  minerals. 

Beniform:  kidney-shaped.  The  structure  may  be  radiating  or  concentric. 
Ex.  hematite.    ' 

Boiryoidal:  consisting^of  a  group  of  rounded  prominences.  The  name  ia 
derived  from  the  Greek  fioTpvSy  a  bunch  of  grapes.  Ex.  limonite,  chalcedony^ 
prehnite. 

Mammillary :  resembling  the  botryoidal,  but  composed  of  larger  prominen- 
ces.   Ex.  malachite. 

Globular:  spherical  or  nearly  so;  the  globules  may  consist  of  radiating 
fibers  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  surface 
of  a  rock,  they  are  described  as  implanted  globules. 

Nodular:  in  tuberose  forms,  or  having  irregular  protuberances  over  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  often  to  a  rock  (as  diabase)  con- 
taining almond-shaped  or  sub-globular  nodules. 

Coralloidal:  like  coral,  or  consisting  of  interlaced  flexuons  branchings  of  a 
white  color,  as  in  the  variety  of  aragonite  cdiXe^  flos  ferri. 

Dendritic:  branching  tree-like,  as  in  crystallized  gold.  The  term  den- 
drites is  used  for  similar  forms  even  when  not  crystalline,  as  in  the  dendrites 
of  manganese  oxide,  which  form  on  surfaces  of  limestone  or  are  inclosed  in 
"  moss-agates.'' 

Mossy :  like  moss  in  form  or  appearance. 

Filiform  or  Capillary :  very  slender  and  long,  like  a  thread  or  hair;  con- 
sists ordinarily  of  a  succession  of  minute  crystals.     Ex.  millerite. 

Acicular :  slender  and  rigid,  like  a  needle.     Ex.  stibnite. 

Reticulated:  net-like.     See  Art.  248. 

Drusy  :  closely  covered  with  minute  implanted  crystals.     Ex.  quartz. 

Stalactitic:  when  the  mineral  occurs  m  pendent  columns,  cylinders,  or 
elongated  cones.  Stalactites  are  produced  by  the  percolation  of  water,  holding 
mineral  matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evapora- 
tion  of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually 
forms  a  long  pendent  cylinder  or  cone.  The  internal  structure  may  be 
imperfectly  crystalline  and  granular,  or  may  consist  of  fibers  radiating  fiom 
the  central  column,  or  there  may  be  a  broad  cross -cleavage.  The  most  familiar 
example  of  stalactites  is  afforded  by  calcite.  Chalcedony,  gibbsite,  limonite, 
and  some  other  species,  also  present  stalactitic  forms. 

The  term  amorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
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form  or  imitative  shape,  bat  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystalline  structure 
internally,  as  most  opiu.  Such  a  structure  is  also  called  colloid  or  jelly-like, 
from  the  Greek  KoXXa  (see  p.  6),  for  glue.  The  word  amorphous  is  bom  a 
privative,  and  pi6p(fn;,  shape. 


252.  Pseudomorphons  Crystals. — Every  mineral  species  has,  when  distinctly 
crystallized,  a  definite  and  characteristic  form.  Occasionally,  however,  crystals 
are  found  that  have  the  form,  both  as  to  angles  and  general  habit,  of  a  certain 
species,  and  yet  differ  from  it  entirely  in  chemical  composition.  Moreover,  it 
is  often  noted  in  such  cases  that,  though  in  outward  form  complete  crystals, 
in  internal  structure  they  are  granular,  or  waxy,  and  have  no  regular  cleavage. 
Even  if  they  are  crystalline  in  structure  the  optical  characters  do  not  conform 
to  those  required  by  the  symmetrv  of  the  faces. 

Such  crystals  are  called  pseuaomorphs,  and  their  existence  is  explained  by 
the  assumption,  often  admitting  of  direct  proof,  that  the  original  mineral  has 
been  changed  into  the  new  compound;  or  it  has  disappeared  through  some 
agency,  and  its  place  been  taken  oy  another  chemical  compound  to  which  the 
form  does  not  belong.  In  all  these  cases  the  new  substance  is  said  to  be  a 
pseudomorph  after  the  original  mineral. 

Common  illustrations  of  pseudomorphons  crystals  are  afforded  by  malachite 
in  the  form  of  cuprite,  limonite  in  the  form  of  pyrite,  barite  in  the  form  of 
quartz,  eta  This  subject  is  further  discussed  in  the  chapter  on  Ghemical 
Mineralogy. 
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263.  The  physical  characters  of  minerals  fall  under  the  following 
heads: 

I.  Characters  depending  upon  Cohesion  and  Elasticity — Tiz.^  cleavage^ 
fracture,  tenacity ,  hardness,  elasticity,  etc. 

IL  Specific  Gravity^  or  the  Density  compared  with  that  of  water. 

III.  Characters  depending  upon  ikght — viz.,  color,  luster,  degree  of  trans- 
parency, special  optical  properties,  etc. 

IV.  Characters  depending  upon  Heat—yxz.,  heat-conductivity,  change  of 
form  and  of  optical  characters  with  change  of  temperature,  fusibility,  etc. 

V.  Characters  depending  upon  Electricity  and  Magnetism. 

VI.  Characters  depending  upon  the  action  of  the  senses — viz.,  taste, 
odor,  feel. 

254.  General  Kelation  of  Physical  Characters  to  Molecular  Structure. — It 
has  been  stated  on  pp.  5,  6  that  the  geometrical  form  of  a  crystallized  min- 
eral is  the  external  evidence  of  the  internal  molecular  structure.  A  full 
knowledge  in  regard  to  this  structure,  however,  can  onlv  be  obtained  by 
the  study  of  the  various  physical  characters  included  in  the  classes  enumerated 
above. 

Of  these  characters,  the  specific  gravity  merely  gives  indication  of  the 
atomic  mass  of  the  elements  present,  and  further,  of  the  state  of  molecular 
air?regation.  The  first  of  these  points  is  illustrated  by  the  high  specific 
gravity  of  compounds  of  lead;  the  second,  by  the  distinction  observed,  for 
example,  between  carbon  in  the  form  of  the  diamond,  with  a  specific  gravity 
of  3*5,  and  the  same  chemical  substance  as  the  mineral  graphite,  with  a  specific 
gravity  of  only  2. 

All  the  other  characters  (except  the  relatively  unimportant  ones  of.  Class 
VI)  in  general  vary  according  to  the  direction  in  the  crystal ;  in  other  words, 
tbey  have  a  definite  orientation.  For  all  of  them  it  is  true  that  directions 
which  are  crystallographically  identical  have  like  physical  characters. 

In  regard  to  the  converse  proposition — viz.,  that  in  all  directions  ci'ystal- 
htgraphically  dissimilar  there  may  be  a  variation  in  the  physical  characters,  an 
important  distinction  is  to  be  made.  This  proposition  holds  true  for  all 
crystals,   so  far  as  the  characters  of  Class  I  are  concerned  ;  that  is,  those 
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depending  upon  the  cohesion  and  elasticity,  as  shown  in  the  cleavagey  hard- 
ness^  the  planes  of  molecular  gliding,  the  etching- ligures,  etc.  It  is  also  true 
in  the  case  of  pyro-electricity  and  piezo>electricity. 

It  does  7iot  apply  in  the  same  way  with  respect  to  the  characters  which 
involve  the  propagation  of  light  (and  radiant  heat),  the  change  of  volume  with 
change  of  temperature;  further,  electric  radiation,  magnetic  induction,  etc. 

Thus,  although  it  will  be  shown  that  the  optical  characters  of  crystds  are 
in  agreement  in  general  with  the  symmetry  of  their  form^  they  do  not  sliow 
all  the  variations  in  this  symmetry.  It  is  true«  for  example,  that  all  directions 
are  optically  similar  in  a  crystal  belonging  to  any  group  under  the  isometric 
system;  but  this  is  obviously  not  true  of  its  molecular  cohesion,  us  may  be 
shown  by  the  cleavage.  Again,  all  directions  in  a  tetragonal  crystal  at  righi 
angles  to  the  vertical  axis  are  optically  similar;  but  this  again  is  not  true  of 
the  cohesion.  These  points  are  further  elucidated  under  the  description  of 
the  special  characters  of  each  group. 


L  CHARACTERS  DEPENDING  UPON  COHESION  AND 

ELASTICITY. 

266.  Cohesion,  Elasticity. — The  name  cohesion  is  given  to  the  force  (if 
attraction  existing  between  the  molecules  of  one  and  tne  same  body,  in  con- 
sequence of  which  they  offer  resistance  to  any  influence  tending  to  separate 
th^m,  as  in  the  breaking  of  a  solid  body  or  the  scratching  of  its  surface. 

Elasticity  is  the  force  which  tends  to  restore  the  molecules  of  a  body  back 
into  their  original  position,  from  which  they  have  been  disturbed,  as  when  a 
body  has  suffered  change  of  shape  or  of  volume  under  pressure. 

The  varying  degrees  of  cohesion  and  elasticity  for  crystals  of  different 
minerals,  or  for  different  directions  in  the  same  crystal,  are  shown  in  the 
prominent  characters:  cleavage,  fracture,  tenacity,  hardness;  also  in  the 
gliding-planes,  percussion-figures  or  pressure- figures,  and  the  etching-figures. 

268.  Cleavage.— Cleavage  is  the  tendency  of  a  crystallized  mineral  to 
break  in  certain  definite  directions,  yielding  more  or  less  smooth  surfaces. 
It  obviously  indicates  a  minimum  value  of  cohesion  in  the  direction  of  easy 
fracture — that  is,  normal  to  the  cleavage-plane  itself.  The  cleavage  parallel  to 
the  cubic  faces  of  a  crystal  of  galena  is  a  familiar  illustration.  An  amorphoi's 
body  (p.  6)  necessarily  can  show  no  cleavage. 

As  stated  in  Art.  31,  the  consideration  of  the  molecular  structure  of 
crystals  shows  that  a  cleavage-plane  must  be  a  direction  in  which  the  molecules 
are  closely  aggregated  together;  while  normal  to  this  the  distance  between 
successive  layers  of  molecules  must  be  relatively  large,  and  hence  this  last  is 
the  direction  of  easy  separation.  It  further  follows  that  cleavage  can  exisi 
only  parallel  to  some  possible  face  of  a  crystal,  and,  further,  that  this  must  be 
one  of  the  common  fundamental  forms.  Hence  in  cases  where  the  choice  in 
the  position  of  the  axes  is  more  or  less  arbitrary  the  presence  of  cleavage  is 
properly  regarded  as  showing  which  planes  should  he  made  fundamental. 
Still  again,  cleavage  is  the  same  in  all  directions  in  a  crystal  which  are 
crystallographically  identical. 
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Cleavage  is  defined,  (1)  according  to  its  direction,  as  cubic,  octahedral, 
rhoinbohedral,  basal,  prismatic,  etc.  Also,  (2)  according  to  the  ease  with 
which  it  is  obtained,  and  the  smoothness  of  the  surface  yielded.  It  is  said  to 
be  perfect  or  eminent  when  it  is  obtained  with  great  ease,  affording  smooth, 
lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Inferior  degrees  of  cleavage  are 
>ipoken  of  as  distinct,  indistinct  or  imperfect,  interrupted,  in  traces,  difficult. 
rhese  terms  are  sufficiently  intelligible  without  further  explanation.  It  may 
i>e  noticed  that  the  cleavage  of  a  species  is  sometimes  better  developed  in  some 
of  its  varieties  than  in  others. 

257.  ClsATEge  in  the  Different  Syitemi. — (1)  In  the  isometric  system,  cleavage  is  cubic, 
when  parullel  to  the  faces  of  the  cube;  this  is  the  common  case,  as  iliusti-ated  by  galeua 
nQd  balite.  It  is  also  often  oetahedralr—ilnBX  is,  parallel  to  th& octahedral  faces,  as  with 
fluorite  and  the  diamond.  Less  frequently  it  is  dodecahedral,  or  parallel  to  the  faces  of  the 
rhombic  dodecahedron,  as  with  sphalerite. 

In  the  TETRAGONAL  SYSTEM,  cleavage  is  often  b<ual,  or  parallel  to  the  basal  plane,  as 
with  apopbyllite;  a\ao  prismatic,  or  parallel  to  one  (or  both)  of  the  square  prisms,  as  with 
rutile  nnd  wemerite;  less  frequently  it  is  pyramidal,  or  parallel  to  the  faces  of  the  square 
pyramid,  as  with  scheelite. 

Ill  the  HEXAGONAL  SYSTEM,  cleavsge  Is  usually  either  basal,  as  with  beryl,  or  prismatic, 
parallel  to  one  of  the  six  sided  prisms,  as  with  nephelite;  pyramidal  cleavage,  as  with 
pyroraorphite,  is  rare  and  imperfect. 

In  the  RHOMBOHEDRAL  DIVISION,  besides  the  basal  and  prismatic  cleavages,  rhombo- 
hfdral  cleavage,  parnllel  to  the  faces  of  a  rhombobedrou,  is  also  commou,  as  with  calcite 
aod  tiie  allied  species. 

In  the  ORTHORHoMBic  SYSTEM,  cleavage  parallel  to  one  or  more  of  the  pinacoids  is 
connnon.  Thus  it  is  basal  with  topaz,  and  iu  all  three  pinacoidal  directions  with  anhydrite. 
Prismatif*  cleavage  is  also  common,  as  with  barite;  in  this  case  the  arbitrary  position 
'is^iimed  in  describing  the  crystal  may  make  this  cleavage  parallel  to  a  "horizontal 
prihin,"  or  dome. 

In  the  MONOGLiNic  SYSTEM,  clinodiaffonol  cleavage,  parallel  to  the  clinopinacoid,  is 
roininoii,  as  with  orthoclase,  gypsum,  heulandite  and  euclase ;  also  basal,  as  with  the 
tn  ens  and  orthoclase,  or  parallel  to  the  orthopinacoid;  also  prismatic,  as  with  amphibole. 
Lf<ix  frequently  cleavage  is  parallel  to  a  hemi-pyramid,  as  with  gypsum. 

Ill  the  TRicLiNic  SYSTEM,  it  is  usual  and  proper  to  so  select  the  fundamental  form  as  to 
innke  the  cleavage  directions  correspond  with  the  pinacoids. 

268.  In  some  cases  cleavage  which  is  ordinarily  not  observed  may  be  developed  by  a 
sharp  blow  or  by  sudden  change  of  temperature.  Thus,  quartz  is  xmmWy  conspicuously 
free  from  cleavage,  but  a  quartz  crystJil  heated  and  plunged  info  cold  wnler  oflen  shows 
p.MDes  of  separation*  parallel  to  both  the  -f  and  -  rhombohedrons  and  to  the  prism  as 
well.  Similarly,  the  prismatic  cleavage  of  pyroxene  is  observed  with  preat  distinctness  in 
ilim  sections,  made  by  grinding,  while  not  so  reudily  noted  in  large  crystals 

When  the  cleavage  is  parallel  to  a  closed  foi-m—that  is.  when  it  is  cubic,  octahedral, 
dodeaihedral.  or  rhombohedral  (also  pyramidal  in  the  tetragonal,  hexagonal,  and  ortho- 
rhombic  systems)— a  solid  resembling  a  crystal  may  often  be  broken  out  from  a  sinde 
(Tystalline  individual,  and  all  the  fraL-ments  have  the  same  angles.  It  is,  in  general  easy 
U)  distinguish  such  a  cleavage  form,  as  a  cleavage  octahedron  of  fluorite,  from  a  true 
crystal  by  the  splintery  character  of  the  faces  of  the  former. 

259.  Cleavage  and  Luster. -The  face  of  a  crystal  parallel  to  which  there  is  perfect 
cleavaire  often  shows  a  pearly  luster  (see  p.  189),  clue  to  the  partinl  separation  of  the 
rrvsial  into  parallel  plates.  This  is  illustrated  by  the  basal  plane  of  apopbyllite.  the 
niimpinacoid  of  slilbile  and  heulandite.  An  iridescent  play  of  colors  is  also  often  seen, 
JUS  with  calcite,  when  the  separation  has  been  suflacient  to  produce  the  prismatic  colors  by 
iDJerference. 

260.  Gliding.planes.— Closely  related  to  the  cleavage  directions  in  their 
connection  with  the  cohesion  of  the  molecules  of  a  crystal  are  the  gliding' 


•Lehmann  (Zs.  Kryst..  11.  608,  1886)  and  Judd  (MIn.  Mag.,  8.  7,  1888)  regard  these 
as  gliding-planes  (see  Art.  200). 
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planes.*  or  directions  parallel  to  which  a  slipping  of  the  molecules  may  take 
place  under  the  application  of  mechanical  force,  as  by  pressure. 

This  may  have  the  result  of  simply  producing  a  separation  into  layers  in 

the  given  direction,  or,  on  the  other  hand,  and  more  commonly,  there  may  be 

475  a  revolution  of  the  molecules  into  a  new  twinuing- 

position,    so    that    secondary    twinning-lamelloB    are 

formed. 

Thus,  if  a  crystal  of  halite,  or  rock  salt,  be  sub- 
jected to  gradual  pressure  in  the  direction  of  a  doiiec^ 
ahedral  face,  a  plane  of  separation  is  developed  normal 
to  this  and  hence  in  the  direction  of  another  face  of 
^the  same  fofm.  There  are  six  such  directions  of 
molecular  slipping  and  separation  in  a  crystal  of  this 
substance.  Certain  kinds  of  mica  of  the  biotite  class 
often  show  pseudo-crystalline  faces,  which  are  undou  bt- 
Biotite.  ediy  secondary  in  origin — that  is,  have  been  developed 

by  pressure  exerted  subsequently  to  the  growth  of  the  crystal  (cf.  Fig.  475). 

In  stibnile,  the  base,  c  (001),  normal  to  ibe  plane  of  perfect  cleavage,  is  a  gliding-plaut*. 
Thus  a  slipping  of  the  molecules  without  their  sepanition  may  be  made  to  take  place  by 
pressure  in  a  plane  (\c)  normal  to  the  directl"n  of  perfect  cleavage  (|6).  A  slender  pris- 
matic crystal  supported  near  the  ends  and  pressed  downward  by  a  dull  eiige  is  readily  bent, 
or  knicked,  in  this  direction  without  the  parts  beyond  the  support  being  affected. 

261.  Secondary  Twinning. — The  other  case  mentioned  in  the  precedintr 
article,  where  molecular  slipping  is  accompanied  by  a  half-revolution  (180°)  of 
the  molecules  into  anew  twinning-position  (see  p.  118  et  5e^),is  well  illustrateti 
by  calcite.  Pressure  upon  a  cleavage-fragment  may  result  in  the  formatioii  of 
a  number  of  thin  lamellae  in  twinning-position  to  the  parent  mass,  the 
twinning-plane  being  the  obtuse  negative  rhombohedron,  e  (Oll2).  Secondary 
twinning-IamellaB  similar  to  these  are  often  observed  in  natural  cleavage- 
masses  of  calcite,  and  particularly  in  the  grains  of  a  crystalline  limestone,  as 
observed  in  thin  sections  under  the  microscope. 

Secondary  twinning-lamellae  may  also  be  produced  (and  are  often  noted  in 
nature)  in  the  case  of  the  triclinio  feldspars,  pyroxene,  barite,  etc.  A  secondary 
lamellar  structure  in  quartz  has  been  observed  by  Judd,  in  which  the  lamelli 
consisted  of  right-handed  and  left-handed  portions. 

By  the  proper  means  a  complete  calcite  twin  may  be  artificially  produced  by  pressure. 
Thus,  if  a  cleavnge-fragment  of  prismatic  foi-m.  say  6^  mm.  in  leneth  475 

and  8-6  mm.  in  breadth,  be  placed  with  the  obtuse  edge  on  a  firm 
horizontal  support,  and  pressed  by  the  blade  of  an  ordinary  table- 
knife  on  the  other  obtuse  edge  (at  a.  Fig.  476).  the  resul*  is  that  the 
portion  of  the  crystal  lying  between  a  and  h  is  rpvei*sed  in  position, 
as  if  twinned  parallel  to  the  horizontal  plane  (0112)  If  skillfully 
done,  the  twinning  surface,  gee,  is  perfectly  smooth.  an«l  the  re- 
entrant angle  corresponds  exactly  with  that  required  by  theory. 

262.  Parting. — The  secondary  twinning- planes  described 
are  often  directions  of  an  easy  separation— conveniently  called /^flrr/in^r — whioli 
may  be  mistaken  for  cleavage.f  The  basal  parting  of  pyroxene  is  a  common 
example  of  such  pseudo-cleavage;  it  was  lonsf  mistaken  for  cleavage.  The 
basal  and  rhombohedral  (lOll)  and  the  less  distinct  prismatic  (ll30)  partins; 

*  From  the  German,  Oleitflaehen. 

f  The  lamellar  structuBe  of  a  massive  mineral,  without  twinning,  may  also  be  the  cause 
of  a  fracture  which  can  be  mistaken  for  cleavage. 
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of  corundnm;  the  octahedral  parting  of  magnetite  (of.  Fig.  456,  p.  136),  are 
other  examples. 

An  important  distinction  between  cleavage  and  parting  is  this:  parting  can 
exist  only  in  certain  definite  planes — that  is,  on  the  surface  of  a  twinning- 
lamella — while  the  cleayage  m^y  take  place  in  any  plane  having  the  given 
direction. 

263.  Percauion-flgnres. — Immediately  connected  with  the  gliding-planes 
are  the  fignres — called  ;?«rcM55ion;/f^ttre«*— produced  upon  a  crystal  section 
by  a  blow  or  pressure  with  a  suitable  point.  In  such  cases,  the  method 
described  serves  to  develop  more  or  less  well-defined  cracks  whose  orientation 
varies  with  the  crystallographic  direction  of  the  surface.  477. 

Thus  upon  the  cubic  face  of  a  crystal  of  halite  a  four- 
rayed,  star-shaped  figure  is  produced  with  arms  parallel 
to  the  diagonals — that  is,  parallel  to  the  dodecahedral 
faces.    On  an  octahedral  face  a  three-rayed  star  is  obtained. 

The  percussion-figures  in  the  case  of  the  micas  have 
been  often  investigated,  and,  as  remarked  later,  they  form 
a  means  of  fixing  the  true  orientation  of  a  cleavage-plate 
having  no  crystalline  outlines.  The  figure  (Fig.  477)  is 
here  a  six-rayed  star  one  of  whose  branches  is  parallel  to 
the  clinopinacoid  (b)y  the  others  approximately  parallel  to 
the  intersection  edges  of  the  prism  (m)  and  base  {c),\ 

Pressure  upon  a  mica  plate  produces  a  less  distinct  six-rayed  star,  diagonal 
to  that  just  named;  this  is  called  a  pressure-figure  (Germ.  DrucJcfldche). 

884.  Bolntioc-planM. — In  the  case  of  many  ci-ystals,  it  is  possible  to  prove  the  existence 
of  cert  liu  directious,  or  structure- planes,  in  whicb  chemical  action  takes  place  most  readily — 
for  example,  when  a  crystal  is  under  great  pressure.  These  directions  of  cbemical  weakue^8 
have  been  called  solution-planes.  They  often  manifest  tliemsclves  by  the  presence  of  a 
multitude  of  oriented  cavities  of  crystalline  outline  (&ocallcd  negative  crystals)  in  the  given 
direction. 

These  solution -planes  in  certain  cafes,  as  shown  by  Judd,  are  the  same  as  the  directions 
of  secondary  lamellar  twinning,  as  is  illustrated  by  calcite.  Connected  with  this  is  the 
9chillerization  (see  Art.  848)  observed  in  certain  minerals  in  rocks  (as  diallage,  schiller< 
spar). 

265.  Etching-figures. — Intimately  connected  with  the  general  subjects  here 
considered,  of  cohesion  in  relation  to  crystals,  are  the  figures  produced  by 
etching  on  crystalline  faces  ;  these  are  often  called  etclwigfigures.l  This 
method  of  investigation,  developed  particularly  by  Baumhauer,  is  of  high 
importance  as  revealing  the  molecular  structure  of  the  crystal  faces  under 
examination,  and  therefore  the  symmetry  of  the  crystal  itself. 

The  etching  is  performed  mostly  by  solvents,  as  by  water  in  some  cases, 
more  generally  the  ordinary  mineral  acids,  or  ^nuptic  alkalies,  also  by  steam  at 
*'  liiirh  pressure  and  hydrofluoric  acid ;  the  last  is  especially  powerful  in  its 
action,  and  is  used  frequently  with  the  silicates.     The  figures  produced  are  in 


*  From  the  German,  Schlagflguren.  Tlie  percussion -figures  are  best  obtained  if  llic 
crystal  plate  under  investigation  be  supported  upon  a  hard  cushion  and  a  blow  bp  struck 
with  a  light  hammer  upon  a  steel  rod  the  slightly  rounded  point  of  which  is  held  firmly 
against  the  surface. 

fCf.  Walker.  Am.  J.  8c ,  2.  5,  1896,  and  G.  Fricdel.  Bull.  80c.  Min.,  19.  18,  1896. 
Walker  found  the  angle  opposite  b  (010)  (x  in  Pig.  477)  to  be  58'  to  66"  for  muscovite,  59* 
for  lepidolite,  60"  for  biotite,  and  61*  to  68**  for  phlogopite. 

X  From  the  German,  AsUfiguren. 
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the  majority  of  cases  angular  depressions,  snch  as  low  triangular  or  quadri- 
lateral pyramids,  whose  outlines  may  run  parallel  to  some  of  the  crystalline 


478. 


479. 


edges.  In  some  cases  the  planes  produced 
can  be  referred  to  occurring  crystallo- 
graphic  faces.  They  appear  alike  on  simi- 
lar faces  of  crystals,  and  hence  serve  to 
distinguish  different  forms,  perhaps  in 
appearance  identical,  as  the  two  sets  of 
faces  in  the  ordinary  double  pyramid  of 
quartz;  so,  too,  they  reveal  the  compound 
twinning-sti*ucture  common  on  some 
crystals,  as  quartz  and  aragonite.  Further, 
their  form  in  general  corresponds  to  the 
symmetry  of  the  group  to  which  the  given 
crystal  belongs.  They  thus  reveal  the 
trapezohedral  symmetry  of  quartz  and  the 
difference  between  a  right-handed  and  left-handed  crystal  (Figs.  478,479); 
tlie  distinction  between  calcite  and  dolomite  (Figs.  482,  483);  the  distinctive 
character  of  apatite,  pyromorphite,  etc  ;  the  hemimorphic  symmetry  of  cala- 
mine and  nepnelite  (cf.  Fig.  220,  p.  73),  etc. ;  they  also  prove  by  their  form 
the  monoclinic  crystallization  of  muscovite  and  other  micas  (Fig.  481). 

Fie  480  shows  the  etching-figures  formed  on  a  basal  plane  (cleavage)  of  topaz  by  fused 
caustic  potash ;  Fig.  481,  those  on  a  cleavage-plate  of  muscovite  by  hydrofluoric  acid ;  Fig. 


Qtinrts,  right- 
handed  crystiil. 


Quartz,  left- 
handed  crystal. 


480. 


482.  upon  a  rhombohedral  face  of  calcite,  and  Fig.  488,  on  one  of  dolomite  by  dilute  hydro- 
chloric acid. 


484. 


486. 


486. 


:^% 


The  shape  of  the  etching-figures  may  vary  with  the  same  crystal  with  the  nature  of  the 
solvent  employed,  though  their  symmetry  remaius  constant.  For  example,  Fig.  484  shows 
the  figures  obtained  with  spangolite  by  the  action  of  sulphuric  acid.  Fig.  485  by  the  same 
diluted,  and  Fig.  486  by  hydrochloric  acid  of  different  degrees  of  concentration. 

Of  the  same  nature  as  the  etching-figures  artificially  produced,  in  their 
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relation  to  the  symmetry  of  the  crystal,  are  the  markings  often  obseryod  on 
the  nataral  faces  of  crystals.  ^3ij  ^33 

These  are  sometimes  sec- 
ondary, caused  by  a  nataral 
etching  process,  but  are  more 
often  an  irregnlarity  in  the 
crystalline  development  of 
the  crystal.  The  inverted 
triangular  depressions  often 
seen  on  the  octahedral  faces 
of  diamond  crystals  are  an 
example.  Fig.  487  shows 
natural  depressions,  rhombo- 
hedral  in  character,  observed  on  corundum  crystals  from  Montana  (Pratt). 
Fig.  488  shows  a  twin  crystal  of  fluorite  with  natural  etching-figqres  (Pirsson); 
these  are  minute  pyramidal  depressions  whose  sides  are  parallel  to  the  faces 
of  the  trapezohedron  (311). 

266.  Corrosion  Forms. — If  the  etching  process  spoken  of  in  the  preceding 
article — whether  natural  or  artificial — is  continued,  the  result  may  be  to 
destroy  the  original  crystalline  surface  and  to  substitute  for  it  perhaps  a 
multitude  of  minute  elevations,  more  or  less  distinct;  or,  further,  new  faces 
may  be  developed,  the  crystallographic  position  of  which  can  often  be 
determined,  though  the  symbols  may  be  complex^  This  is  illustrated  by 
Fi^.  489  of  beryl;  here  x  is  the  berylloid  (36-24-60-5).  The  mere  loss  of 
water  in  some  cases  produces  certain  corrosive  forms  (see  Pape,  literature). 

Peufield  subjected  a  sphere  of  quartz  (from  a  simple  right-handed  individual)  to  the 
prolonged  action  of  hydrofluoric  acid.  It  was  found  that  it  was  attacked  rapidly  in  the 
direcLiou  of  the  vertical  axis,  but  barely  at  all  at  the  -{-  extremities  of  the  axes.  figs.  ^, 
491  show    the  form   remaining  after  the   sphere  had   been    etched  for  seven  weeks; 


489. 


490. 


491. 


Fill.  490  is  a  basal  view;  Fig.  491,  a  front  view;  the  circle  shows  the  original  form  of 
the  sphere,  the  dotted  hexagon  the  position  of  the  axes.  Compare  also  the  results  of 
Meyer  on  calcite  (see  literature,  p.  155). 

267.  Fracture. — The  term  fracture  is  used  to  define  the  form  or  kind  of 
snrface  obtained  by  breaking  in  a  direction  other  than  that  of  cleavage  in 
crystallized  minerals,  and  in  any  direction  in  massive  minerals.     When  the 
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cleavage  is  highly  {>erfect  in  several  directions,  as  the  rhombohednJ  cleavage 
of  calcite,  fracture  is  often  not  readily  obtainable. 
Fracture  is  defined  as : 

(a)  Conchoidal ;  when  a  mineral  breaks  with  curved  concavities,  more  or 
less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the  valve 
of  a  shell,  from  concha,  a  shell.  This  is  well  illustrated  by  obsidian,  also  by 
flint.  If  the  resulting  forms  are  small,  the  fracture  is  said  to  be  small- 
conchoidal ;  if  only  partially  distinct^  it  is  subconchoidal. 

(b)  Even;  when  the  surface  of  fracture,  though  rough  with  numerous 
smaJl  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

{c)  Uneven  ;  when  the  surface  is  rough  and  entirely  irregular;  this  is  true 
of  most  minerals. 

(d)  Hackly;  when  the  elevations  are  sharp  or  jagged;  broken  iron. 

Other  terms  also  employed  are  earthy^  sphniery,  etc. 

268.  Hardness. — The  hardness  of  a  mineral  is  measured  by  the  resistance 
which  a  smooth  surface  offers  to  abrasion.  The  degree  of  hardness  is 
determined  by  observing  the  comparative  ease  or  difficulty  with  which  one 
mineral  is  scratched  by  another,  or  by  a  file  or  knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  talc,  impressible 
by  the  finger-nail,  to  that  of  the  diamond.  To  give  precision  to  the  use  of 
this  character,  a  scale  of  hardness  was  introduced  by  Mohs.*    It  is  as  follows: 


1.  Talc. 

6.  Orthoclase. 

2.  Gypsum. 

3.  Calcite. 

7.  Quartz. 

8.  Topaz. 

4.  Fluorite. 

9.  Sapphire. 

5.  Apatite. 

10.  Diamond. 

Crystalline  varieties  with  smooth  surfaces  should  be  taken  so  far  as 
possible. 

If  the  mineral  under  examination  is  scratched  by  the  knife-blade  as  easily 
as  calcite  its  hardness  is  said  to  be  3 ;  if  less  easily  than  calcite  and  more  so 
than  fluorite  its  hardness  is  3-5,  In  the  latter  case  the  mineral  in  question 
would  be  scratched  by  fluorite  but  would  itself  scratch  calcite.  It  need 
hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above  methods, 
though,  indeed,  for  purposes  of  the  determination  of  minerals  exactness  is 
quite  unnecessary. 

It  should  be  noted  that  minerals  of  grade  1  have  a  ^easy  feel  to  the  hand ; 
those  of  grade  2  are  easily  scratched  by  the  finger-nail;  those  of  grade  3  are 
rather  readily  cut,  as  by  a  knife  ;  of  grade  4,  scratched  rather  easily  by  the 
knife  ;  grade  5,  scratched  with  some  difiiculty  ;  grade  6,  barely  scratched  by  a 
knife,  but  distinctly  by  a  file — moreover,  they  also  scratch  ordinary  glass. 
Minerals  as  hard  as  quartz  (H.  =  7),  or  harder,  scratch  glass  readily  out  are 
little  touched  by  a  file;  the  few  species  belonging  here  are  enumerated  iu 
Appendix  B  ;  they  include  all  the  gems. 

269.  Sclerometer. — Accurate  determinations  of  the  hardness  of  minerals 
can  be  made  in  various  ways,  one  of  the  best  being  by  use  of  an  instrument 
called  a  sclerometer.    The  mineral  is  placed  on  a  movable  carriage,  with  the 

*  The  interval  between  3  and  8,  and  5  and  6,  in  the  scale  of  Mohs,  being  a  little  greater 
than  between  the  other  numbera,  Breithaupt  proposed  a  scale  of  twelve  minerals  ;  but  the 
scale  of  Mohs  is  now  universally  accepted. 
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surface  to  be  experimented  upon  horizontal;  this  is  brought  in  contact  with  a 
^teel  point  (or  diamond  point),  fixed  on  a  support  above;  the  weight  is  then 
determined  which  is  just  sufficient  to  move  the  carriage  and  produce  a  scratch 
un  the  surface  of  the  mineral. 

By  means  of  such  an  instrument  the  hardness  of  the  diiferent  faces  of  a 
<:iven  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  faces  of  a  crystal  {e.g.y  cyanite)  differ  in  hardness,  and  the  same 
face  may  differ  as  it  is  scratched  in  different  directions.  In  general,  differences 
in  hardness  are  noted  only  with  crystals  which  show  distinct  cleavage;  the 
hardest  face  is  that  which  is  intersected  by  the  plane  of  most  complete 
cleava|fe.  Further,  of  a  single  face,  which  is  intersected  by  cleavage-planes, 
the  direction  perpendicular  to  the  cleavage-direction  is  the  softer,  those 
parallel  to  it  the  harder. 

Tbis  subject  has  been  investigated  bv  Exner  (p.  155),  who  has  given  the  form  of  the 
mrwB  of  hardnut  for  the  different  faces  of  many  crystals.  These  curves  are  obtained  as 
fo.lows :  the  least  weight  required  to  scratch  a  crystalline  surface  in  different  directions, 
for  each  10*  or  15'.  from  C*  to  180*,  is  determined  with  the  sclerometer:  these  directions 
are  laid  off  as  radii  from  a  center,  and  the  length  of  each  is  made  proportional  to  the  weight 
lixed  by  experiment — that  is,  to  the  hardness  thus  determined;  the  line  connecting  the 
extremities  of  these  radii  is  the  curve  of  hardness  for  the  given  face. 

The  following  table  fives  the  results  obtained*  (see  literature)  in  comparing  the  hard- 
ness of  the  minerals  of  the  scale  from  corundum,  No.  9,  taken  as  1000,  to  gypsum,  No.  2. 
Pfaff  used  the  method  of  boring  with  a  standard  point,  the  hardness  being  determined  by 
ibe  number  of  rotations ;  Rosiwal  used  a  standard  powder  to  grind  the  surface,  Juggar 
employed  his  micro-sclerometer,  the  method  being  essentially  a  modification  of  that  of 
Pfaff.  By  means  of  this  instrument  he  is  able  to  test  the  hardness  of  the  minerals  present 
in  a  thin  section  under  the  microscope.  Measurements  of  absolute  hardness  have  also  been 
made  by  Auerbach. 

Pfaff,  1884.  Boeiwal,  1893.  Jaggar«  1897. 

9.  Corundum 1000  1000  1000 

8.  Topaz 459  188  162 

7.  Quartz 254  149  40 

6.  Orthoclase 191  28'7  26 

6.  Apatite 68-5  6*20  1-28 

4.  Fluorite 878  4-70  -75 

8.  Calcitc 168  2  68  28 

2.  Gypsum 1208  84  -04 

870.  Bslatlon  of  Hardness  to  Chomioal  Compoiition.— Some  general  facts  of  importance 
c&D  be  stated  f  in  regard  to  the  connection  between  the  hardness  of  a  mineral  and  its 
chemical  composition. 

1.  Compounds  of  the  heavy  metals,  as  silver,  copper,  mercury,  lead,  etc.,  are  9<jift,  their 
bardness  seldom  exceeding  2*5  to  8. 

Among  the  compounds  of  the  common  metals,  the  sulphides  (arsenides)  and  oxides  of 
iit)n  (also  of  nickel  and  cobalt)  are  relatively  hard  (e.g.,  for  pyrite  H.  =  6  to  6-5:  for 
Ijematite  H.  =  6,  etc.);  here  belong  ulso  columbite,  iron  niobate,  tantalite,  iron  tantalate, 
wolframlte.iron  tuugstate. 

2.  The  sulphides  are  mostly  relatively  soft  (except  as  noted  in  1),  also  most  of  tho 
carbonates,  sulphates,  and  phosphates. 

3.  Hydrous  salts  are  relatively  soft.  This  is  most  distinctly  shown  among  the  siiicates — 
tg.,  compare  the  feldspars  and  zeolites. 

4.  The  conspicuously  hard  minerals  are  found  chiefly  among  the  oxides  and  silicates; 
many  of  them  are  compounds  containing  aluminium — s.g,,  corundum,  diaspore,  chrysoberyl. 
and  many  alumino- silicates.  Outside  of  these  the  borate,  boracite,  is  hard  (H.  =  7);  also 
iridosmine. 

Go  the  relation  of  hardness  to  specific  gravity,  see  Art.  280. 

*  The  numbers  are  here  ^iven  as  tabulated  by  Jaggar. 
f  See  further  in  Appendix  B. 
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271.  Praetioal  SnggMtiont.— Sevenil  points  should  be  regarded  !u  the  trials  of  hardness: 
(1;  If  the  mineral  is  slightly  alteretl,  as  is  often  the  Case  with  coruudiiiii,  garuet,  etc., 
the  surface  muy  be  readily  scratched  when   this  would  be  impossible  with  the  iniutnil 
itse.f;  a  trial  with  an  edge  of  the  latter  will  often  give  a  correct  result  iu  such  a  ca$=e. 

(*i)  A  mineral  with  a  granular  surface  often  appears  to  be  scratched  wheu  the  grains 
have  been  only  torn  apart  or  crushed. 

(3)  A  relatively  soft  mineral  may  leave  a  faint  white  ridge  on  a  surface,  as  of  glass, 
which  can  be  mistaken  for  a  scratch  if  carelessly  observed. 

(4)  A  crystal,  as  of  quartz,  is  often  slightly  scratched  by  the  edge  of  another  of  the  same 
species  and  like  hardness. 

(5)  The  scratch  should  be  made  in  such  a  way  as  to  disfigure  the  specimen  as  little  as 
possible. 

272.  Tenacity. — Minerals  may  be  either  brittle^  sectile^  malleable,  or 
flexible. 

(a)  Brittle ;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it,  as  calcite. 

(b)  Sectile;  when  pieces  may  be  cut  off  with  a  knife  without  falling  to 
powder,  but  still  the  mineral  pulverizes  under  a  hammer.  This  character  is 
intermediate  between  brittle  and  malleable,  as  gypsum. 

(c)  Malleable ;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer;  native  gold,  native  silver. 

(d)  Flexible ;  when  the  mineral  will  bend  without  breaking,  and  remain 
bent  after  the  bending  force  is  removed,  as  talc. 

The  tenacity  of  a  substance  is  properly  a  consequence  of  its  elasticity. 

273.  Elasticity.— The  elasticity  of  a  solid  body  expresses  at  once  the 
resistance  which  it  makes  to  a  change  in  shape  or  volume,  and  also  its 
tendency  to  return  to  its  original  shape  when  the  deforming  force  ceases  to 
act.  If  the  limit  of  elasticity  is  not  passed,  the  change  in  molecular  position 
is  proportional  to  the  force  acting,  and  the  former  shape  or  volume  is  exa<^tly 
resumed;  if  this  limit  is  exceeded,  the  deformation  becomes  permanent,  a  new 
position  of  molecular  equilibrium  having  been  assumed;  this  is  shown  in  the 
phenomena  of  gliding-planes  and  secondary  twinning,  already  discussed. 
The  magnitude  of  the  elasticity  of  a  given  substance  is  measured  by  tlie 
coefficient  of  elasticity,  or,  better,  the  coefficient  of  restitution.  This  ii? 
defined  as  the  relation,  for  example,  between  the  elongation  of  a  bar  of  unit 
section  to  the  force  acting  to  produce  this  efiFect;  similarly  of  the  bending  or 
twisting  of  a  bar.  The  subject  was  early  investigated  acoustically  by  Savart ; 
in  recent  years,  Voigt  and  others  have  made  accurate  measures  of  the  elasticity 
of  many  substances  and  of  the  crystals  of  the  same  substance  in  different 
directions.  The  elasticity  of  an  amorphous  body  is  the  same  in  all  directions, 
but  it  changes  in  value  with  change  of  crystallographic  direction  in  all 
crystals. 

The  distinction  between  elastic  and  inelastic  is  often  made  between  the 
species  of  the  mica  group  and  allied  minerals.  Muscovite,  for  example,  is 
described  as  "  highly  elastic,''  while  phlogopite  is  much  less  so.  In  this  cn<i* 
it  is  not  true  in  the  physical  sense  that  muscovite  has  a  high  value  for  the 
coefficient  of  elasticity;  its  peculiarity  lies  rather  in  the  fact  that  its  elasticity 
is  displayed  through  unusually  wide  limits. 
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II.  SPECIFIC  GRAVITY  OR  RELATIVE  DENSITY. 

274.  Definition  of  Specific  Oravity. — The  specific  gravity  of  a  mineral  is  the 
ratio  of  its  density  *  to  that  of  water  at  4^  C.  (39-2°  F.).  This  relative  densn 
may  be  learned  in  any  case  by  comparing  the  ratio  of  the  weight  of  a  certii 
volume  of  the  given  substance  to  that  of  an  equal  volume  of  water;  hence  tu 
specific  gravity  is  often  defined  as:  the  weight  of  the  body  divided  by  the  me;  \ 
of  an  equal  volume  of  water. 

The  statement  that  the  specific  gravity  of  graphite  is  2,  of  corandum  4.  •! 
galena  7*5,  etc.,  means  that  the  densities  of  the  minerals  named  are  %  4.ari 
7*5,  etc.,  times  that  of  water;  in  other  words,  as  familiarly  expressed,  ary 
volume  of  them,  a  cubic  inch  for  example,  weighs  2  times,  4  times,  7*5  time*, 
etc.,  as  much  as  a  like  volume,  a  cubic  inch,  of  water. 

Strictly  speaking,  since  the  density  of  water  varies  with  its  expansion :; 
contraction  under  change  of  temperature,  the  comparison  should  be  made  ffi:i 
water  at  a  fixed  temperature,  namely  4°  C.  (39 '2°  F.),  at  which  it  has  its  mai: 
mum  density.  If  made  at  a  higher  temperature,  a  suitable  correction  should  i« 
introduced  by  calculation,  rractically,  however,  since  a  high  degree  o! 
accuracy  is  not  often  called  for,  and,  indeed,  in  manv  cases  is  impracticable:. 
attain  in  consequence  of  the  nature  of  the  material  at  hand,  in  the  ordinarr 
work  of  obtaining  the  specific  gravity  of  minerals  the  temperature  at  whica 
the  observation  is  made  can  safely  be  neglected.  Common  variations  of  tem- 
perature would  seldom  aflfect  the  value  of  the  specific  gravity  to  the  extent  o: 
one  unit  in  the  tl^ird  decimal  place. 

For  the  same  reason,  it  is  not  necessary  to  take  into  consideration  the  h 
that  the  observed  weight  of  a  fragment  of  a  mineral  is  less  than  its  true  veigl: 
by  the  weight  of  air  displaced. 

Where  the  nature  of  the  investigation  calls  for  an  accurate  determinaticci 
of  the  specific  gravity  {e.g.,  to  four  decimal  places),  no  one  of  the  precauiioji 
in  regard  to  the  purity  of  material,  exactness  of  weight-measurement,  temjier 
ature,  etc.,  can  be  neglected. +  The  accurate  values  spoken  of  are  needed  :: 
the  consideration  of  such  problems  as  the  specific  volume,  the  relation  of  mok- 
ular  volume  to  specific  gravity,  and  many  others.  Some  of  these  have  bee- 
discussed  by  Schroder,  Hunt,  also  (for  salts)  by  Playfair  and  Joule,  etc. 

275.  Determination  of  the  Specific  Oravity  by  the  Balance. — The  dire: 
comparison  by  weight  of  a  certain  volume  of  the  given  mineral  with  an  eq":^ 
volume  of  water  is  not  often  practicable.  By  making  use,  however,  of  a 
familiar  principle  in  hydrostatics,  viz.,  that  a  solid  immersed  in  water,  u 
consequence  of  the  buoyancy  of  the  latter,  loses  in  weight  an  amount  whicln.-j 
equal  to  the  weight  of  an  equal  volume  of  the  water  (that  is,  the  volume  it  di- 
places) — the  determination  of  the  specific  gravity  becomes  a  very  sinKi- 
process. 

The  weight  of  the  solid  in  the  air  {to)  is  first  determined  in  the  usual  niav 
ner;  then  the  weight  in  water  is  found  (w');  the  difference  between  tLest 
weights — that  is,  the  loss  by  immersion  (w  —  w') — is  the  weight  of  a  volume  if 

*  Tlie  density  of  a  body  is  strictly  tJie  mass  of  the  unit  volwne.  Thus  if  a  cubic  ceB'!- 
meter  of  water  (at  its  maximum  density,  4*  C.  or  39*2**  F.)  is  taken  as  the  unit  of  mjiss,  tb 
density  of  any  body— as  gold — is  given  by  the  number  of  grams  of  mass  (about  19)  i«  * 
cubic  centimeter;  in  this  case  the  sjiuie  number,  19,  gives  the  relative  density  or  spedw 
gravity.  If.  however,  a  pound  is  taken  as  the  unit  of  mass,  and  the  cubic  foot  as  the  unit  <>> 
volume,  the  mass  of  a  cubic  foot  of  waier  is  ()2-5  lbs.,  that  of  gold  about  1188  lbs.,  andtk 
specific  gravity  is  the  ratio  of  the  second  to  the  first,  or,  again,  19. 

t  Cf.  Earl  of  Berkeley  in  Min.  Mng.,  11,  64,  1895. 
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water  eqnsU  to  that  of  the  solid;  finally^  the  quotient  of  the  first  weight  (w)  bj 
that  of  the  equal  volume  of  water  as  determined  {w  —  w')  is  the  specific 
gravity  (G). 
Hence, 


G  = 


w 


492. 


w  —  w 

A  common  method  of  obtaining  the  specific  gravity  of  a  firm  fragment  of 
a  mineral  is  as  follows:  First  weigh  the  specimen  accurately  on  a  good 
chemical  b^ance.  Then  suspend  it  from  one  pan  of  the 
balance  by  a  horse-hair,  silk  thread,  or,  better  still,  by  a  fine 
j)latinum  wire,  in  a  glass  of  water  conveniently  placed 
beneath,  and  take  the  weight  again  with  the  same  care; 
then  use  the  results  as  above  directed.  The  platinum  wire 
may  be  wound  around  the  specimen,  or  where  the  latter  is 
small  it  may  be  made  at  one  end  into  a  little  spiral  support. 

276.  The  Jolly  Balance.— Instead  of  using  an  ordinary 
balance  and  determining  the  actual  weight,  the  spiral 
balance  of  Jolly,  shown  in  Fig.  492,  may  be  conveniently 
employed ;  this  is  also  suitable  when  the  mineral  is  in  the 
form  of  small  grains.  The  mineral  is  first  placed  on  the 
glass  paii  c,  and  the  amount  that  the  spring  is  stretched 
noted  by  the  scale  number  (iV^,),  opposite  to  which  the  index 
ixim  comes  to  rest  (the  eye  sees  the  refiection  in  the  mirror 
aTid  thus  avoids  error  by  parallax).  If  from  N^  be  sub- 
tracted the  number  n,  expressing  the  amount  to  which  the 
scale  is  stretched  by  the  weight  of  spring  and  pans  alone,  the 
difference  will  be  proportional  to  the  weight  of  the  mineral. 
Next,  the  mineral  is  placed  in  the  lower  pan,  dy  immersed 
in  the  water,  and  again  the  corresponding  scale  number,  iV,, 
read.  The  difference  between  these  readings  (xV^  —  N^)  is 
a  number  proportional  to  the  loss  of  weight  in  water.  The 
specific  gravity  is  then 

It  is  obviously  necessary  to  have  the  wires  supporting  the  lower  pan  immersed 
to  the  same  depth  in  the  case  of  each  of  the  three  determinations.  If  care  is 
taken  the  specific  gravity  can  be  obtained  accurate  to  two  decimal  places. 

277.  Pycnometer. — If  the  mineral  is  in  the  form  of  grains  or  small  frag- 
ments, the  specific  gravity  may  be  obtained  by  use  of  the  pycnometer.  This  is 
a  small  bottle  (Fig.  493)  having  a  stopper  which  fits  tightly  and  ends  in  a 
tube  with  a  very  fine  opening.  The  bottle  is  filled  with  distilled  water,  the 
stopper  inserted,  and  the  overflowing  water  carefully  removed  with  a  soft  cloth. 
It  is  now  weighed,  and  also  the  mineral  whose  density  is  to  be  determined. 
The  stopper  is  then  removed  and  the  mineral  in  powder  or  in  small  frag- 
ments inserted  with  care,  so  as  not  to  introduce  air-bubbles.*  The  water  whicli 
overflows  on  replacing  the  stopper  is  the  amount  of  water  displaced  by  the 
mineral.  The  weight  of  the  pycnometer  with  the  inclosed  mineral  is  deter- 
mined, and  the  weight  of  the  water  lost  is  obviously  the  difference  between 
this  last  weight  and  that  of  the  bottle  and  mineral  together,  as  first  determined. 

*  It  isdifflcuU  to  prevent  tlic  presence  of  rtir-bnbbles.  and  hence  it  is  often  necessary,  iu 
order  to  insure  accuracy,  to  place  the  bottle  uuder  an  air-pump  and  exhaust  the  air. 
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The  specific  gravity  of  the  ntineral  is  equal  to  its  weight  alone  divided  by  the 
weight  of  the  equal  volume  of  water  thus  determined.  Where  this  method 
is  followed  with  sufficient  care,  especially  avoiding  any  change  of  temperature 
in  the  water,  the  results  may  be  highly  accurate. 

If  the  mineral  forms  a  porous  mass,  it  may  be  first  reduced  to  powder,  but 
493.  it  is  to  be  noted  that  it  has  been  shown  by  Roee  that  chem- 

ical precipitates  have  uniformly  a  higher  density  than  belong 
to  the  same  substance  in  a  less  finely  divided  state.  This 
increase  of  density  also  characterizes,  though  to  a  less  extent, 
a  mineral  in  a  fine  state  of  mechanical  subdivision.    It  is  ex- 

{>lained  by  the  condensation  of  the  water  on  the  surface  of 
he  powder. 

278.  Use  of  Liquids  of  High  Density.—It  is  often  found 
convenient  both  in  the  determination  of  the  specific  gravity 
and  in  the  mechanical  separation  of  fragments  of  different 
specific  gravities  (e.^.,  to  obtain  pure  material  for  analysis, 
or  again  in  the  study  of  rocks)  to  use  a  liquid  of  high  deilsity 
— that  is,  a  so-called  heavy  solution.  One  of  these  is  the 
solution  of  mercuric  iodide  in  potassium  iodide,  called  the  Sonstadt  solution 
or  Thoulet  solution.  When  made  with  care*  it  has  a  maximum  density  of 
nearly  3*2,  which  by  dilution  may  be  lowered  at  will. 

A  second  solution,  often  employed,  is  the  Klein  solution y  the  borotiingstate 
of  cadmium,  having  a  maximum  density  of  3"6.  This  again  may  be  lowered 
at  will  by  dilution,  observing  certain  necessary  precautions.  Still  a  third 
solution  of  much  practical  value  is  that  proposed  by  Brauns,  methyl  iodide, 
which  has  a  specific  gravity  of  3*324.  A  number  of  other  solutions",  more  or 
less  practical,  nave  also  been  suggested  (see  papers  referred  to  in  the  literature 
on  p.  160,  which  also  give  the  necessary  directions  for  the  use  of  the  liquids). 
When  one  of  these  liquids  is  to  be  used  for  the  determination  of  the  specific 
gravity  of  fragments  of  a  certain  mineral  it  must  be  diluted  until  the  frag- 
ments just  float  and  the  specific  gravity  then  obtained,  most  conveniently  bv 
the  Westphal  balance  (Art.  279). 

When,  on  the  other  hand,  the  liquid  is  to  be  used  for  the  separation  of  the 
fragments  of  two  or  more  minerals  mixed  together,  the  material  is  first  reduced 
to  the  proper  degree  of  fineness,  the  dust  and  smallest  fragments  being  sifted 
out,  then  it  is  introduced  into  the  solution  and  this  diluted  until  one  cou- 
Btituent  after  another  sinks  and  is  removed.  For  the  convenient  application 
of  this  method  a  suitable  tube  is  called  for  and  certain  precautions  must  be 
observed;  compare  the  papers  noted  in  the  literature  (p.  160),  especially  one  by 
Penfield. 

279.  Wattphal's  Balanee.~The  Westphal  balance  is  conveniently  used  to  determine  tbe 
specific  gravity  of  a  liquid,  and  hence  of  a  mineral  when  a  heavy  solution  is  employed  (Art. 
278).  It  consists  essentially  of  a  graduated  steelvard  arm,  upon  which  the  weights  in  the 
form  of  ridTers,  are  placed.  These  must  be  so  adjusted  that  the  sinker  is  freely  sui^peuded 
in  the  given  liquid  while  the  index  at  the  end  points  to  the  zero  of  the  scale  and  shows  thni 
the  arm  is  horizontal  (cf.  Rosenbusch,  Mikr.  Phys.  Min.,  p.  246).  The  graduation  usually 
allows  of  the  specific  gravity  being  read  off  directly  without  calculation. 

280.  Belation  of  Density  to  HardneM,  Chemical  Composition,  ete.— The  density,  or  specific 
gravity,  of  a  solid  depends,  first,  upon  the  nature  of  the  chemical  substances  whicli  it  con- 
tains, and,  second,  upon  the  state  of  molecular  aggregation. 

Thus,  as  an  illustration  of  the  firat  point,  all  1(  ad  compounds  have  a  high  deusitv 
(G.  =  about  6),  since  lead  is  a  heavy  metal,  or,  chemically  expressed,  has  a  high  atomic 
weight  (206-4)     Similarly,  barium  sulphate,  barite,  has  a  specific  gravity  of  4  5,  while  for 

f  See  the  directions  by  Goldschmidt,  reference  on  p.  160. 


BPBCIFIC  OKATITY   OR  BELATIVE   DENSITY.  169 

calcium  sulphate  or  anhydrite  the  value  is  only  2*95  (at.  weight  for  barium  187,  for  calcium 
about  40). 

Or.  the  other  hand,  while  aluminium  is  a  metal  of  low  density  (G.  =:  2'5  and  atomic 
weight  =  27),  its  oxide,  corundum,  htis  a  remarkably  high  density  (G.  =  4)  and  is  also  very 
hard  (H.  =  9).  Again,  carbon  (at.  weight  =  12)  has  a  high  density  in  the  diamond  (G.=8'5) 
and  low  in  graphite  (G.  =  2);  also,  the  Urst  is  hard  (H.  =  10),  the  second  soft  (H.  =  1*5).  In 
these  and  similar  cases  the  high  density  signifies  great  molecular  aggregation,  and  hence  it 
is  natural  that  it  should  be  accompanied  by  great  hardness  and  resistance  to  the  attack  of 
acids. 

As  bearing  upon  this  point,  it  is  to  be  noted  that  the  density  of  many  substances  is 
altered  by  fusion.  A^ain,  the  same  mineral  in  different  states  of  molecular  aggregation 
may  differ  (but  only  slightly)  in  density.  Furthermore,  minerals  haying  the  same  chemical 
composition  haye  sometimes  different  densities,  corresponding  to  the  different  crystalline 
forms  in  which  they  appear.  Thus  in  the  case  of  calcium  carbonate  (CaCOa),  calcite  has 
G.  =  2-7,  aragonite  has  G.  =  2'9. 

281.  Average  Speoiflo  Orayities.— It  is  to  be  noted  that  among  minerals  of  trNMETALLic 
LUSTER  the  averctge  specific  grayity  ranges  from  2*6  to  8.  Here  belong  quartz  (2*66), 
calcite  (2*7),  the  feldspars  (2'6-2'75),  muscoyite  (2'8).  A  specific  grayity  of  2'5  or  less  is 
lote,  and  is  characteristic  of  soft  minerals,  and  often  those  which  are  hydrous  {e.g.,  gypsum, 
G.  =  2*3).  The  common  species  fluorite,  tourmaline,  apatite,  yesuyianite,  amphibole, 
pyroxene,  and  epidote  lie  just  aboye  the  limit  given,  namely,  8*0  to  8*5.  A  specific  grayity 
of  3-5  or  aboye  is  relatiyely  high,  and  belongs  to  hard  minerals  (as  corundum,  see  Art.  880), 
or  to  those  containing  a  heayy  metal,  as  compounds  of  strontium,  barium,  also  iron,  tung^ten^ 
copper,  silyer,  lead,  mercury,  etc. 

With  minerals  of  metallic  luster,  the  ayerage  is  about  5  (here  belong  pyrite,  hematite. 
etc.),  while  if  below  4  it  is  relatiyely  low  (granhite  2,  stibnite  4*5) ;  if  7  or  aboye,  relatively 
high  (as  galena,  7*5). 

Tables  of  minerals  arranged  according  to  their  specific  gravity  are  given  in  Appendix  B. 

282.  Constancy  of  Speoific  Gravity. — The  specific  gravity  of  a  miueral  species  is  a  character 
of  fundamental  importance,  and  is  highly  constant  for  different  specimens  of  the  same 
species,  if  pure,  free  from  cavities,  solid  iuclusious,  etc.,  and  if  essentially  constant  in  com- 
position. In  the  case  of  many  species,  however,  a  greater  or  less  variation  exists  in  the 
chemical  composition,  and  this  at  once  causes  a  variation  in  specific  gravity.  The  different 
kiuds  of  garnet  illustrnte  this  point ;  also  the  vaiious  minerals  intermediate  between  the 
tantalnte  of  iron  (and  manganese)  and  the  niobate,  varying  from  G.  =  7'8  or  above  to 
G.  =  53. 

288.  Praotieal  Saggastlons.— It  should  be  noted  that  the  determination  of  the  specific 
gravity  has  little  value  unless  the  fragment  taken  is  pure  and  is  free  from  impurities,  internal 
and  external,  and  not  porous.  Care  must  be  taken  to  exclude  air-bubbles,  and  it  will  often 
be  found  well  to  moisten  the  surface  of  the  specimen  before  inserting  it  in  the  water,  and 
sometimes  boiling  (or  the  use  of  the  air-pump)  is  necessary  to  free  it  from  air.  If  it  absorbs 
water  this  latter  process  must  be  allowed  to  go  on  till  the  substance  is  fully  saturated.  No 
oxeuraie  determinations  can  be  made  unless  the  changes  of  temperature  are  rigorously 
excluded  and  the  actual  temperature  noted. 

Id  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
j^nkvity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  be  readily  obtained.  This 
method  is  often  important  in  the  study  of  rocks. 

It  is  to  be  noted  that  the  hand  may  be  soon  trained  to  detect  a  difference  of  specific 
gravity,  if  like  volumes  are  taken,  even  in  a  small  fragment^thus  the  difference  between 
calcite  oi  albite  and  barite,  even  the  difference  between  a  small  diamond  and  a  quartz 
crystal,  can  be  detected. 

Literature.— ^<n/26  Qravity. 

General : 

Bendani.     Pogg.  Ann.,  14,  474,  1828. 
Jenzsch.     Pogg.  Ann.,  99, 151.  1856. 
JoUy.    Ber.  Ak.  MQnchen.  1864,  162. 
Gkdolin.     Pogg.,  106,  218,  1859. 
O.  Rose.     Pogg.  Ann.,  73, 1 ;  76, 403,  1848. 
Scheerer.    Pogg.  Ann.,  67, 120.  1846. 

SchrSder.    Pogg.  Ann..  106,  226,  1869.    Jahrb.  Min.,  661,  982,  1878 ;  899,  1874,  etc. 
Tiehetmak.     &r.  Ak.  Wien,  47  (1),  292,  1863. 

Websky.  Die  Mineralien  nach  den  tQr  das  specifische  Gewicht  derselben  angenom* 
menen  una  gef undenen  Werthen.     170  pp.    Breslau,  1868. 


160  PHYSICAL   MIN£BALOaY« 

Ute  of  Beary  Solutiam,  etc, : 

SonBtadt.     Cliem.  News.  29, 127,  1874. 
Thoulet     Bull.  Soc.  Miu..  2, 17,  189,  1879. 
BreoD.     Bull.  Soc.  Min.,  3,  4t5,  1880. 
Gk>ld8chmidt.     Jb.  Min..  Beil.-Bd.,  1, 179. 1881. 
n.  Klein.     Bull.  Soc.  Mid.,  4, 149,  1881. 
Rohrbaoh.     Jb.  Min.,  2, 186,  1888. 
Oisevius.     lunug.  Diss.,  Bouu,  1888. 
Brauns.     Jb.  Min.,  2,  72.  1886  ;  1,  218,  188a 
Retgen.     Jb.  Miu.,  2, 185.  1889. 
Salomon.    Jb.  Min.,  2,  214.  1891. 
Penfield.     Am.  J.  Sc,  60,  446,  1895. 


IIL    CHARACTERS  DEPENDING  UPON  LIGHT. 

GENERAL  PRINCIPLES  OF  OPTICS. 

284.  Before  considering  the  optical  characters  of  minerals  in  general,  and 
more  particularly  those  that  belong  to  the  crystals  of  the  different  systems,  it 
is  desirable  to  review  briefly  some  of  the  more  important  principles  of  optics 
upon  which  the  phenomena  in  question  depend. 

t^or  u  fuller  discussion  of  the  (mtics  of  crystals,  special  reference  is  made  to  the  works 
of  Groth.  Liebiscb.  Mallard,  aud  Hoseubusch  (and  tniuslation  by  Iddines)  mentioned  on 
pp.  3  and  4;  also  to  the  various  advanced  text-books  of  Physics.  The  methods  of 
iuvesugaiion,  with  the  results  of  the  examination  of  many  S])ecie8.  are  given  in  the  admirable 
memoirs  by  Des  Cloizeaux  in  Aun.  Mines,  11.261-842,  1857:  14,  389-420,  1868;  6.  557- 
595.  1864.  Also  his  Nouvelles  Recherches.  etc..  222  pp..  1867.  Early  ol)servations  were 
also  published  by  Gruilich  (Vienna,  1850)  and  by  Qrailich  aud  von  Lang  (Ber.  Ak.  Wien. 
27.  8.  1857;  32,  43.  1858;  33,  869,  1858).  References  to  many  important  papers  in  special 
subjects  are  given  later. 

285.  Nature  of  Light. — The  propagation  of  light  from  a  luminous  body,  as 
the  sun  or  a  candle-flame,  is  believed  to  be  accomplished  by  a  very  rapid  wave- 
motion*  in  the  medium  called  the  lummiferous  ether,  which,  it  is  assumed, 
pervades  all  space  as  well  as  all  material  bodies. 

286.  The  Ether.— The  assumption  of  the  medium  called  the  ether  is 
necessary,  since  without  this  it  is  impossible  to  explain  the  transmission  of 
light  through  space  where  no  ordinary  medium  (as  the  air)  is  present. 
Furthermore,  as  the  velocity  of  light  even  within  solid  media,  though  less 
than  that  in  a  vacuum  or  in  air,  is  still  enormously  rapid,  it  is  inconceivable 
that  it  should  be  propagated  by  the  molecules  of  the  body;  hence  the  assump- 
tion, otherwise  verified,  that  the  ether  pervades  all  material  bodies.  The 
properties  of  the  ether,f  however,  are  modified  by  the  molecular  structure  of 
the  given  body,  as  is  proved  by  the  fact  that  the  velocity  of  light  varies  witli 
the  chemical  nature  of  the  substance,  and  also  in  certain  cases  with  the  direc- 

^  ^  It  is  now  generally  accepted  that  ligh^  is  an  electro-magnetic  phenomenon  and  th?U 
the  nature  of  the  periodic  motion  in  the  ether  by  which  light  is  propagated  is  the  same  a^ 
that  involveci  in  the  transmission  of  electric  waves  produced,  for  example,  by  a  very  rapid 
oscillatory  electric  discharge  between  two  spark-knobs.  In  fact  these  electric  waves  have 
been  shown  to  travel  with  the  same  velocity  as  light-waves,  and  to  exhibit  like  phenomena 
of  reflccliou.  refraction,  polarization,  etc.:  hence  they  are  believed  to  differ  from  light- 
waves only  in  their  much  greater  length.  For  the  purposes  of  the  present  work,  however, 
light-waves  are  treated  of  as  if  a  mechanical  phenomenon,  but  all  assumption  of  variations 
of  the  "elasticity  of  the  ether"  in  crystals  as  an  explanation  of  the  observed  variation  of 
light-velocity  is  avoided. 

t  Reference  is  made  to  an  article  by  Clerk  Maxwell  in  the  Encyclopedia  Britannica  for 
«  discussion  of  the  general  properties  of  the  lummiferous  ether. 
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tion  in  the  giyen  crystallized  medium  as  corresponding  to  its  particular 
oiolecular  structure. 

287.  Wave-motion  in  OeneraL — ^A  familiar  example  of  wave-motion  is 
given  bj  the  series  of  concentric  waves  which  on  a  surface  of  smooth  water 
(^0  out  from  a  center  of  disturbance,  as  the  point  where  a  pebble  has  been 
dropped  in.  These  surface-waves  are  propagated  by  a  motion  of  the  water- 
particles  which  is  ttansverse  to  the  direction  in  which  the  waves  themselves 
tnivel;  this  motion  is  given  from  each  particle  to  the  next  adjoining,  and  so 
oil.  Thus  the  particles  of  water  at  any  one  spot  oscillate  up  and  down,* 
while  the  wave  moves  on  as  a  circular  ridge  of  water  of  constantly  increasing 
diameter,  but  of  diminishing  height.  The  ridge  is  followed  by  a  valley, 
indeed  both  together  properly  constitute  a  wave  in  the  physical  sense.  This 
compound  wave  is  followed  by  another  wave  and  another,  until  the  original 
impulse  has  exhausted  itself. 

Another  familiar  kind  of  wave-motion  is  illustrated  by  the  sound-waves 
which  in  the  free  air  travel  outward  from  a  sonorous  body  in  the  form  of 
concentric  spheres.  Here  the  actual  motion  of  the  layers  of  air  is  forward 
and  back — that  is,  in  the  direction  of  propagation  of  the  sound — and  the  effect 
of  the  transfer  of  this  impulse  from  one  layer  to  the  next  is  to  give  rise 
alternately  to  a  condensed  and  rarefied  shell  of  air,  which  together  constitute 
a  sound-wave  and  which  expand  in  spherical  waves  of  constantly  decreasing 
intensity  (since  the  mass  of  air  set  in  motion  continuallv  increases).  Sound- 
waves, as  of  the  voice,  may  be  several  feet  in  length,  and  they  travel  at  a  rate 
of  1120  feet  per  second  at  ordinary  temperatures. 

288.  It  is  important  to  understand  that  in  both  the  cases  mentioned,  as  in 
every  case  of  free  wave-motion,  each  point  on  a  given  wave  may  be  -considered 
as  a  center  of  disturbance  from  which  a  system  of  new  waves  tend  to  go  out. 
These  individual  wave-systems  ordinarily  destroy  each  other  except  so  far  as 
the  onward  progression  of  the  wave  as  a  whole  is  concerned.  This  is  further 
discussed  and  illustrated  in  its  application  to  light-waves  (Art.  292  and 
Figs.  495,  496). 

In  general,  therefore,  a  given  wave  is  to  be  considered  as  the  resultant  of 
all  these  minor  wave-systems.  If,  however,  a  wave  encounters  an  obstacle  in 
its  path,  as  a  narrow  opening  (t.6.,  one  narrow  in  comparison  with  the  length 
of  the  wave)  or  a  sharp  edge,  then  the  fact  just  mentioned  explains  how  the 
waves  seem  to  bend  aoout  the  obstacles,  since  new  waves  start  from  them  as 
centers.  This  principle  has  an  important  application  in  the  case  of  light- 
waves, explaining  the  phenomena  of  diffraction  (Art.  308). 

289.  Still  another  case  of  wave-motion  may  be  mentioned,  since  it  is  particularly  helpful 
in  giving  ii  correct  apprehension  of  li^ht-phenomena.  If  a  long  rope,  attached  at  one  end, 
be  grasi^ed  at  the  other,  a  quick  motion  of  the  band,  up  or  down,  will  give  rise  to  a  half 
wave-form — in  one  case  a  crest,  in  the  other  a  trough — which  will  travel  quickly  to  the 
other  iiand  and  be  reflected  back  with  a  reversal  in  its  positiqn;  that  is,  if  it  went  forward 
as  a  hill-like  wave,  it  will  return  tis  a  trough.  If,  just  as  the  wave  has  reached  the  end,  a 
second  like  one  be  started,  the  two  will  meet  and  pass  in  the  middle,  but  here  for  a  brief 
interval  the  rope  is  sensibly  at  rest,  since  it  feels  two  equal  and  opposite  impulses.  This 
will  be  seen  later  to  be  a  case  of  the  simple  interference  of  two  like  waves  opposed 
in  phase. 

Again,  a  double  motion  of  the  hand,  up  and  down,  will  produce  a  complete  wave,  with 
crest  and  trough,  as  the  result,  and  this  again  is  reflected  back  as  in  the  simpler  case. 
8till  again,  if  a  series  of  like  motions  are  continued  rhythmically  and  so  timed  that  each 
wave  is  an  even  part  of  the  whole  rope,  the  two  systems  of  equal  and  opposite  waves 
passing  in  the  two  directions  will  interfere  and  a  system  of  so-called  stationary  wnves  will 

*  Strictly  speaking,  the  path  of  each  puriiclc  approximates  closely  to  a  circle. 
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be  the  result,  the  rope  seemiog  to  vibrate  in  segmeDts  to  and  fro  about  the  position  of 
equilibrium. 

Fiually,  if  the  end  of  the  rope  be  made  to  describe  a  small  circle  at  a  rapid,  uDiform. 
rhythmical  rate,  a  system  of  stationary  waves  will  again  result,  but  now  the  vibrations  of 
the  string  will  be  sensibly  in  circles  about  the  central  line.  This  last  case  will  be  seen  to 
roughly  iudicate  the  kmd  of  transverse  vibrations  by  which  the  waves  of  circularlr 
polarized  light  are  propagated,  while  the  former  case  represents  the  vibrations  of  waves  of 
what  is  called  plane-polarized  light. 

All  these  cases  of  waves  obtained  with  a  rope  deserve  to  be  carefully  considered  nod 
studied  by  experiment,  for  the  sake  of  the  assistance  they  give  to  an  understanding  of  tbe 
complex  phenomena  of  light- waves. 

290.  Wave-length,  Amplitude,  etc. — In  the  cases  mentioned,  as  in  all  kinds 
of  simple  wave-motion,  the  length  ot  a  wave  is  the  distance  from  any  one 
particle  of  the  medium  to  the  next  which  is  moving  in  the  same  direction 
with  the  same  velocity,  or,  technically  expressed,  which  is  in  the  same  pha$t. 
The  amplitude  of  the  wave  is  the  excursion  to  or  fro  from  its  position  of 
equilibrium  made  by  each  particle  in  succession.  Further,  the  wave-system 
travels  onward  the  distance  of  one  wave-length  in  the  time  that  a  given 
particle  makes  a  complete  excursion  to  and  fro. 

291.  Light-waves.— The  propagation  of  ether-waves  involves  the  same 
fundamental  principles  as  the  familiar  forms  of  wave-motion  just  considered. 
Here  the  motion  of  the  medium  is  transverse  to  the  direction  of  propagation, 
and  this  motion  may  be  regarded  as  communicated  from  one  set  of  particles 
to  the  next  and  so  on,  the  ether-waves  traveling  as  concentric  spherical  waves 
(in  an  isotropic  medium)  outward  in  all  directions  from  the  luminous  point. 

The  nature  of  the  vibrations  will  be  better  understood  from  Fig.  494. 
If  AB  represents  the  direction  of  propagation  of  the  light,  each  particle  of 
ether  must  vibrate  at  right  angles  to  this  as  a  line  of  equilibrium.  The 
vibration  of  the  first  particle  induces  a  similar  movement  in  the  adjacent 
particle;  this  is  communicated  to  the  next,  and  so  on.  The  particles  vibrate 
successively  from  the  line  -45  to  a  distance  corresponding  to  66  ,  the  ampliiude 
of  the  vibration,  then  return  to  b'  and  pass  on  to  6",  and  so  on.  Thus  at  a 
given  instant  there  are  particles  occupying  all  positions^  from  that  of  the 

494. 


extreme  distance  J',  or  c',  from  the  line  of  equilibrium  to  that  on  this  line. 
In  this  way  the  wave  moves  forward,  while  the  motion  of  the  particles  is  only 
transverse.  The  distance  between  any  particle  and  the  next  which  is  in  a  like 
position — i.e.f  of  like  phase,  as  6' and  c' — is  the  wave'le7igth  ;  and  the  time 
required  for  this  completed  movement  is  the  time  of  vibration,  or  vibration- 
period.  The  intensity  of  the  light  varies  with  the  amplitude  of  the  vibration, 
and  the  color,  as  explained  in  a  later  article,  depends  upon  the  length  of  the 
waves;  the  length  of  the  violet  waves  is  about  one-half  the,length  of  the  red 
waves. 

In  ordinary  light  the  transverse  vibrations  are  to  be  thought  of  as  taking 
place  in  all  planes  about  the  line  of  propagation.  In  the  above  figure, 
vibrations  in  one  plane  only  are  represented ;  light  which  is  thus  one-sided  or 
has  only  one  direction  of  transverse  vibration  is  said  to  be  plane-polarized. 

Light-waves  have  a  very  minute  length,  only  0'000023  of  an  inch  for  the 
yellow  sodium  flame,  and  they  travel  with  enormous  velocity,  186,000  milea 
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per  second  Id  a  vacnum;  thus  light  passes  from  the  sun  to  the  earth  in  about 
i^ight  minutes.  The  yibration-perioa,  or  time  of  one  oscillation,  is  consequently 
extremely  brief;  it  is  given  by  dividing  the  distance  traveled  by  light  in  one 
iJt»cond  by  the  number  of  waves  included. 

292.  Wave-front. — In  an  isotropic  medium,  as  air,  water,  or  glass— that 
is,  one  in  which  light  is  propagated  in  all  directions  about  the  luminous  point 
with  the  same  velocity — the  waves  are  spherical  in  form.    The  wave-front  is 
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I  he   continuous  surface,   in  this    case 

E'plierical,  which  includes  all  particles 

which  commence  their  vibration  at  the 

Batne  moment  of  time.     Obviously  the 

curvature  of  the  wave-front  diminishes 

us  the  distance  of  the  source  of  light 

increases,   and  when   the  light  comes 

from  an  indefinitely  great  distance  (as 

the  sun)  the  wave-front  becomes  sen- 
sibly a  plane  surface.     Such  waves  are 

usually    called    plane    waves.      These 

cases  are  illustrated  by  Figs.  495  and 

490.     In  Fig.  495   the  lummous  point 

is  supposed  to  be  at  0,  and  the  medium 

being  isotropic,  it  is  obvious  that  the 

wave-front,  bs  ABC..,  O,  is  spherical. 
It  is  also  made  clear  by  this  figure  how, 
as  briefly  stated  in  Art.  288,  the  result- 
ant of  all  the  individual  impulses  which 
go  out  from  the  successive  points,  as 
a,  b,  c,  etc.,  as  centers,  form  a  new 
wave-front,  abc . . .  <7,  concentric  with 
ABC.  .,G,  In  Fig.  496  the  luminous 
body  is  supposed  to  be  at  a  great  dis- 
tance, so  that  the  wave-front  AB ...F 
is  a  plane  surface.  Here  also  the  individual  impulses  from  Ay  B,  etc.,  unite 
to  form  the  wave-front  ab. ,.  /parallel  to  AB ,.,  F. 

293.  Light-ray. — The    study  of    light-phenomena  is,  in   certain    cases, 
facilitated  by  the  conception  of  a  light-rayj  a  line  drawn  from  the  luminous 
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point  to  the  wave-front,  and  whose 
direction  is  taken  so  as  to  represent  that 
of  the  wave  itself.  In  Fig.  495  OA ,  OB, 
etc.,  are  diverging  light-ravs,  and  in 
Fig.  496  OA,  OB,  etc.,  aVe  parallel 
light-rays.  In  both  these  cases,  where 
the  medium  is  assumed  to  be  isotropic, 
the  light-ray  is  normal  to  the  wave- 
front.  This  is  equivalent  to  saying  that 
the  light-wave  moves  onward  in  a  direc- 
tion normal  to  the  wave-front. 

It    must    be    understood    that    the 
"  light-ray ''  has  no  real  existence  and  is 
to  be  taken  only  as  a  convenient  method 
of  representing  the  direction  of  motion 
of  the  light-waves  under  varying  conditions.   Thus  when  by  appropriate  means 
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(e.g.,  the  use  of  lenses)  the  curvature  of  the  wave-front  is  altered — for  example, 
if  from  being  a  plane  surface  it  is  made  sharply  convex — then  the  light-nivs, 
at  first  parallel,  are  said  to  be  made  to  diverge.  Again,  if  the  convex  wave- 
front  is  made  plane,  the  diverging  light-rays  are  then  said  to  be  nia<3e 
parallel. 

294.  Wave-length.  Color.  White  Light. — Notwithstanding  the  very  small 
length  of  the  waves  of  light,  they  can  be  measured  with  great  precision.  I'lie 
visual  part  of  the  waves  going  out  from  a  brilliantly  incandescent  body,  as  the 
glowing  carbons  of  an  electric  arc-light,  may  be  shown  to  consist  of  waves  of 
widely  varving  lengths.  They  include  red  waves  whose  length  is  about  ^^/,„(» 
of  an  inch  and  waves  whose  length  constantly  diminishes  without  break* 
through  the  orange,  yellow,  green,  and  blue  to  the  violet,  whose  miuinuiin 
length  is  about  half  of  that  of  the  red.  The  length  of  each  group  of  these 
waves  determines  the  sensation  of  color  which  the  eye  perceives.  This  color  is 
strictly  monochromatic  only  when  it  corresponds  to  one  definite  wave-length ; 
this  is  nearly  true  of  the  bright-yellow  sodium  line,  though  strictly  speaking 
this  consists  of  two  sets  of  waves  of  slightly  different  lengths. 

The  effect  of  "white  light  *^  is  obtained  if  all  the  waves  from  the  red  to  the 
violet  come  together  to  the  eye  simultaneously;  for  this  reason  a  piece  of 
platinum  at  a  temperature  of  1600°  C.  appears  "  white  hot.'' 

The  radiation  from  the  sources  named,  either  the  sun,  the  electric  carbons^ 
or  the  glowing  platinum,  includes  also  longer  waves  which  do  not  affect  the 
eye,  but  which,  like  the  light-waves,  produce  the  effect  of  sensible  heat  when 
received  upon  an  absorbing  surface,  as  one  of  lampblack.  There  are  also, 
particularly  in  the  radiation  from  the  sun,  waves  shorter  than  the  violet  which 
also  do  not  affect  the  eye.  The  former  are  called  infra-red,  the  latter  ulini- 
violet  waves. 

295.  Complementary  Colors. — The  sensation  of  white  light  mentioned  above 
is  also  obtained  when  to  a  given  color — that  is,  light-waves  of  given  wave- 
length— is  combined  a  certain  other  so-called  complementary  color.  Thus 
certain  shades  of  pink  and  green  combined,  as  by  the  rapid  rotation  of  a  card 
on  which  the  colors  form  segments,  produce  the  effect  of  white.  Blue  and 
yellow  of  certain  shades  are  also  complementary.  For  every  shade  of  color  iu 
the  spectrum  there  is  another  one  complementary  to  it  in  the  sense  here 
defined.  The  most  perfect  illustration  of  complementary  colors  is  given  by 
the  examination  of  sections  of  crystals  in  polarized  light,  as  later  explained. 

296.  Reflection. — When  light-waves  come  to  the  boundary  which  separates 
one  medium  from  another,  as  a  surface  of  water,  or  glass  in  air,  they  are,  in 
general,  in  part  reflected  or  returned  back  into  the  first  medium. 

The  reflection  of  light-waves  is  illustrated  by  Figs.  497  and  498.  In  Fig. 
497,  MM  is  the  reflecting  surface — here  a  plane  surface — and  the  light- waves 
have  a  plane  wave- front  {Abcde);  in  other  words,  the  light-rays  {OA,  Ob,  etc.) 
are  parallel.  It  is  obvious  that  the  wave-front  meets  the  surface  flrst  at  A  ami 
successively  from  point  to  point  to  E.  Each  of  these  points  is  to  be  regarded 
as  the  center  of  a  new  wave-system  which  unimpeded  would  be  propagated 
onward  in  a  given  time  distances  equal  to  the  lines  Aa'  BV,  etc  Hence  the 
common  tangent /crA^^ to  the  circular  arcs  drawn  with  these  radii  from  A,  H, 
etc.,  represents  the  direction  of  the  new  or  reflected  wave-front.  But 
geometrically  the  angle  eAE  is  equal  to  fEA,  or  the  incident  and  refleried 
wave-fronts  wake  equal  angles  with  the  reflecting  surface.  If  NA  is  a  nqmial 
at  A,  the  angle  0^^— called  the  angle  of  i7icidence — is  equal  to  NAF,  the 
angle  of  reflection.    Hence  the  familiar  law : 
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The  angle  of  incidence  is  equal  to  the  angle  of  reflection. 
Furthermore,  the  **  incident  and  reflected  rays  "  both  lie  in  the  same  plana 
vith  the  normal  to  the  reflecting  sarface. 


497. 


In  Fig.  498,  where  the  luminous  point  is  at  0,  the  wayes  going  out  from  it 
will  meet  the  plane  mirror  MM  first  at  the  point  A  and  successively  at  points^ 


498. 


as  Bj  C,  Z>,  etc.,  farther  away  to  the  right  (and  left)  of  A.  Here  also  it  is  easy 
to  show  that  all  the  new  impulses,  which  have  their  centers  at  A,  B,  C,  etc., 
must  together  give  rise  to  a  series  of  reflected  waves  whose  center  is  at  0\  at  a 
distance  equally  distant  from  MM  measured  on  a  normal  to  the  surface 
(OA  =  OA'). 

Now  the  lines  OA,  OB,  etc.,  which  are  perpendicular  to  the  wave-front, 
represent  certain  incident  light-rays,  and  the  eye  placed  in  the  direction  BB,, 


166 


PHYSICAL  MINERALOGY. 


CF^  etc.,  will  see  the  luminous  point  as  if  at  0\  It  follows  from  the  consii  „^ 
tion  of  the  figure  and  can  be  proved  by  experiment  that  if  BN^  C2V,  etc^  /re 
normals  to  the  mirror  the  angles  of  incidence,  OBN^  OCN\  etc.,  are  equal  to 
the  angles  of  reflection,  NBS,  N'BF,  etc.,  respectively.  Hence  the  above  law 
applies  to  this  case  also. 

If  the  reflecting  surface  is  not  plane,  but,  for  example,  a  concave  sni  ^ce, 
as  that  of  a  spherical  or  parabolic  mirror,  there  is  a  change  in  the  curvature  of 
the  wave-front  after  reflection,  but  the  same  law  still  holds  true. 

The  proportion  of  tbe  reflected  to  the  iDcident  light  iucreaBes  with  the  smoothness  of 
the  surface  and  also  as  the  angle  of  incidence  diminishes.  The  intensity  of  the  refiectod 
light  is  a  maximum  for  a  given  surface  in  the  case  of  perpendicular  incidence  (OA,  Fig.  498). 

If  the  surface  is  not  perfectly  polished,  diffuu  reflection  will  take  place,  and  there  will 
be  no  (listioct  reflected  ray.  It  is  the  diffusely  reflected  light  which  makes  the  reflected 
surface  visible ;  if  the  surface  of  a  mirror  were  ah$oiutely  amootfi  the  eye  would  see  the 
reflected  body  in  it  only,  not  the  surface  itself.  Optically  expressed,  the  surface  is  to  be 
considered  smooth  if  the  distance  between  the  scratches  upon  it  is  considerably  less  (say 
one- fourth)  than  the  wave-length  of  light. 

297.  Refraction. — When  a  system  of  light-waves  of  the  same  wave-length 
passes  from  one  medium  into  another  there  is,  in  general,  an  increase  or 

decrease  in  the  velocity  of  the  light, 
and  this  results  in  the  phenomenon 
of  refraction — that  is,  a  change  of 
direction  at  the  bounding  surface. 
The  principles  applicable  here  can 
be  most  easily  shown  in  the  case  of 
light-waves  with  a  plane  wave-front, 
as  shown  in  Fig.  499 — that  is,  where 
the  liffht-rays  OA,  OB,  etc.,  are 
parallel.  Suppose,  for  example,  that 
a  light-wave,  part  of  whose  wave- 
front  is  Abcae,  passes  from  air 
obliquely  into  glass,  in  which  its 
velocity  is  about  two-thirds  as.  great, 
and  suppose  tlie  surface  of  the  glass 
to  be  plane.  The  points  A,  By  etc., 
will  be  successively  centers  of  dis- 
turbance which  will  be  propagated  in  a  given  time,  not  to  distances  equal  to 
eE  (from  A  in  the  line  uA^,  to  pE,  etc.,  but  only  two-thirds  of  these  distances. 
Circles  drawn  from  the  points  -4,  B,  C,  etc.,  with  radii  equal  to  these  diminished 
values  (two-thirds  of  eE,pE,  etc.),  will  have  a  common  tangent  in  the  plane 
fghkE,  and  this  will  be  then  the  new  wave-front  in  the  second  medium.  Here 
it  is  seen  that  there  is  a  change  of  direction  in  the  wave-front,  or  otherwise 
stated,  in  the  light-ray,  the  magnitude  of  which  depends  on  the  ratio  between 
the  light-velocities  in  the  two  media,  and,  as  discussed  later,  also  upon  tlie 
wave-length  of  the  light.  The  light-ray  is  here  said  to  be  broken  or  refracted, 
and  for  a  medium  like  glass,  optically  denser  than  air  (i.e.,  with  a  lower  value 
of  the  light-velocity),  the  refraction  is  toward  the  perpendicular.  In  the 
opposite  case — in  an  optically  rarer  medium — the  refraction  is  away  from  the 
perpendicular,  the  angle  of  refraction  is  larger  than  that  of  incidence 
(Art.  303). 

298.  Refractive  Index. — It  is  obvious  from  the  figure  that  whatever  the 
direction  of  the  wave-front — that  is,  of  the  light-rays — relatively  to  the  given 
surface,  the  ratio  of  eE  to  Af,  which  determines  the  direction  of  the  new 
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▼aye-front  {ue.,  the  direction  of  a  refracted  ray,  AF)  is  constant.    This  ratio 
is  equal  to  —  where  V  is  the  Talue  of  the  light-velocity  for  the  first  medium 

(here  air)  and  t;  for  the  second  (as  glass).    If  this  constant  ratio  be  represented 
by  n,  we  may  write: 

eE     AE.  Sin  eAE     sin  eAE     sin  OAJff 


V 
n  =  —  : 

V 


Af  ■"  AE.  Sin  AEf     sin  AEf     sin  FAN* 


600. 


Here  t  {OAN)  is  the  angle  of  incidence  and  r  {FAN)  the  angle  of  refraction  ; 

thas,  in  its  last  form, 

sin  i 
n=  -: — , 
sm  r 

we  have  the  familiar  relation  usually  expressed  as  follows: 

The  sine  of  the  angle  of  incidence  hears  a  constant  ratio  to  the  sine  of  the 
angle  of  refraction. 

It  is  also  true  th&t  the  incident  and  refracted  rays  lie  in  a  common  plane 
with  the  normal  to  the  surface. 

The  above  relation  holds  true  for  any  wave-system  of  given  wave-length  in 
passing  from  one  medium  into  another,  whatever  the  wave-front  or  shape  of 
the  bounding  surface.  In  Fig.  500  *  the 
luminous  point  is  at  0,  and  it  can  be 
readily  shown  that  the  new  waTe- front 
propagated  in  the  second  medium  (of 
greater  optical  density)  has  a  flattened 
curvature  and  corresponding  to  this  a 

center  at  0'  (where  ^^  =  — J.     Here 

the  incident  rays  OB,  OC,  are  re- 
fracted at  B  and  C,  the  corresponding 
refracted  rays  bein?  BE  and  BF,  For 
this  case  also  the  relation  holds  good, 

sin  i      sin  t'     . 
n  =  - —  =  -, — 5,  etc. 
sm  r      sin  r 

This  constant  ratio  for  light  of  a  given 
wave-length  passing  from  one  medium 
to  another,  expressed  here  by  n,  is  called 
the  index  of  refraction  or  refractive  iridex.    In  the  examples  given  for  air  and 

crown  glass,  -; —  =  1'608,  and  this  number  consequently  gives  the  value  of 

the  refractive  index,  or  n,  for  this  kind  of  glass. 

The  relation  between  wave-length  and  refractive  index  is  spoken  of  in 
Art.  305. 

If  the  bounding  surface  is  not  plane  but  curved,  as  in  lenses,  there  is  a 
change  in  the  curvature  of  the  wave-front  in  the  second  medium,  but  the 

simple  law,  n  =  -; — ,  holds  true  here  also,  so  long  as  the  medium  is  isotropic. 

*  See  S.  P.  TbompsoD  (Light  Visiblo.  and  Invisible,  1897),  who  develops  the  formulas 
for  looses,  etc.,  on  the  basis  of  ligbt-wnves  instead  of  ligbt-rays. 
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299.  JLelation  of  Befractive  Index  to  Light-velocity.— The  discassiou  of  the 
preceding  article  shows  that  if  n  is  the  refractive  index  of  a  given  substance 
for  waves  of  a  certain  length,  referred  to  air,  V  the  velocity  in  air  and  v  the 
Telocity  in  the  given  medium,  then 

r 

w  =  — . 

V 

For  two  media  whose  indices  are  n,  and  n,  respectively,  it  consequently  follows 
that 

Therefore,  The  indices  of  refraction  of  two  given  media  for  a  certain  wave- 
length are  inversely  proportional  to  their  relative  light-velocities. 

Since  light-waves  are  propagated  by  a  transverse  motion  in  the  ether  which 
pervades  the  given  body,  and  is  as  it  were  weighted  down  by  its  molecules,  it  is 
obvious  that  the  velocity  of  the  lieht-wave  itself  is  measured  by  the  rate  of 
this  transverse  motion  in  the  ether ;  hence  for  waves  of  the  same  length  traveling 
through  media  of  different  refractive  power,  this  latter  velocity  of  transverse 
vibratioil  is'  inversely  proportional  to  the  refractive  indices. 

300.  Principal  BefractiYe  Indices. — The  refractive  index  has,  as  stated,  a 
constant  value  for  every  substance  referred,  as  is  usual,  to  air  (or  it  may  be  to 
a  vacuum).  In  regard  to  solid  media,  it  is  evident  from  Art.  298  and  will 
be  further  explained  later  that  those  which  are  isotropic^  viz.,  amorphous  sub- 
stances and  crystals  of  the  isometric  system,  can  have  but  a  single  value  of  this 
index.  Crystals  of  the  tetragonal  and  hexagonal  (and  rhomboiiedral)  systems 
have,  as  later  explained,  two  principal  refractive  indices,  e  and  a?,  corresponding 
to  the  velocities  of  light-propagation  in  certain  definite  directions  in  them. 
Further,  all  orthorhombic,  monoclinic,  and  triclinic  crystals  have  similarly 
three  principal  indices,  a,  /?,  y.  In  the  latter  cases  of  so-called  anisotropic 
media,  the  mean  refractive  index  is  taken,  namely,  as  the  arithmetical  mean 

301.  Examples  of  Eefractive  Indices. — The  following  table  includes  the 
values  of  n  for  a  variety  of  substances,  for  sodium  light.  .  For  minerals  other 
than  those  of  the  isometric  system  the  average  value  (as  defined  in  the 
preceding  article)  is  given  here. 

Ice 1-310  Boracite 1-667 

Water 1-335  FlintGlass 1-702 

Fluorite 1-434  Garnet  (Pyrope) .  1-814 

Alum 1-456  Zircon 1-952 

Rock-salt 1-544  Cerussite 1*986 

Quartz 1-547  Sphalerite 2-369 

Calcite... 1*601  Diamond 2-419 

Crown  glass.  ...   1-608  Rutile 2-712 

Aragonite 1-633  Pyrargyrite 3  016 

Barite 1'640 

The  refractive  index  for  air  referred  to  the  ether  of  a  vacuum  is  1*000292 
for  a  wave-length  equal  to  that  of  yellow  sodium  light  (A.  =  0*0000589  cm.). 
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SOS.  Qpeeiflo  BcfintetiTe  Power. —The  relation  between  the  refnctive  index  and  the 
cbemical  composition  of  a  given  subetance  is  expressed  by  what  has  been  called  the  Glad- 
itooe  law,*  namely. 


n-1 


=  constant. 


Here  n  is  refractive  index  (for  anisotropic  substances,  the  mean  index),  and  d  is  the 
density.  The  value  of  the  constaut  is  called  the  tpedfia  rifracUte  potoer.  The  product  of 
ihe  specific  refractive  power  into  the  molecular  weight  gives  the  rrfractive  equivalent.  Thus 
for  quartz,  n  =  1'6,  d  =  3*66,  therefore  the  value  of  the  specific  refractive  power  is  0'2, 
Mui  tbe  refractive  equivalent  is  equal  to  tbis  number  multiplied  into  the  molecular  weight 
m  or  13  6(  =  0-2  X  60).    Similarly  the  value  obtained  f  for  CaO  is  18-8,  and  for  MgO  171, 

111  tbe  case  of  a  complex  molecule,  it  is  assumed  that  the  sum  of  the  refractive  equiva- 
tMiis  of  the  parts  of  the  molecule  divided  by  the  sum  of  the  corresponding  molecular  weights 
i^  equal  to  the  specific  refractive  power  oi  the  given  compound.  Thus  for  grossular  garnet 
Hiio9e  formula  may  be  written  SCJaO.  AliOi.8SiOt,  the  above  relations  give 


8  X  18-8  +  19-7  -f  8  X  136  _  .  ^.^ 
8x66  +  108  4-8x60      "" 


Further, 


n-l_n- 1 
d     ~    86 


=  0*316,  and  n  =  1*756 ;  experiment  gives  n  =  1*747. 


303.  Total  Refleetion.    Critioal  Angle. — In  regard  to  the  principle  stated 

in  Art.  298  and  expressed  by  the  equation  n  =  -; — ; ,  two  points  are  to  be 

noted.  First,  if  the  angle  i  =  0°,  then  sin  i  =  0,  and  obviously  also  r  =  0;  i^ 
other  words,  when  the  ray  of  light  (as  OA,  Fig.  500)  coincides  with  the  per- 
pendicular, no  change  of  direction  takes  place,  the  ray  proceeds  onward  (AD) 
iuto  the  second  medium  without  deviation,  but  with  a  change  o<  velocity. 

Again,  if  the  angle  i  =  90°,  then 
8in  %  =  1,  and  the  equation  above  *^^' 

becomes  n  =  ". —  or  sin  r  =  -.   As 
sm  r  n 

«  baa  a  fixed  value  for  every  sub- 
stance, it  is  obvious  that  there  will 
also  be  a  corresponding  value  of  the 
angle  r  for  the  case  mentioned. 
From  the  above  table  it  is  seen  that 

for  water,  sin  r  =  and  r  =  48** 


31';  for  crown  glass,  sin  r  =  j- 
and  r  =  38**  27'; 


608 
for  diamond,  sin  r 


=  2^andr  =  2r25'. 

In  Fig.  501  the  ray  CA  in  the  riass  is  refracted  on  passing  into  the  air  in 
tbe  direction  AD,  but  if  the  anriel^^O  =  38**  27',  the  rav  BA  will  graze  the 
surface  or  take  the  direction  AF.  Any  ray,  OA,  for  which  the  angle  GA  0  is 
ji:reater  than  38**  27'  will  not  emerge  at  all,  but  suffer  total  reilection,  being 
returned  in  the  direction  .^  ff'.  The  surface  of  glass  illuminated  from  beneath 
in  the  direction  last  named  has  a  brilliant,  almost  metallic  luster.    This  is  the 


*  See  Mallard.  Tr.  Crist..  2,  476  et  $eq,  1884 ;  Rosenbuscb,  Mikr.  Phys..  1.  157  18W. 
t  A  table  of  tbese  values  is  given  by  Mallard  and  reproduced  by  Ro!ienbTi9ch . 
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appearance  also,  under  like  conditions,  of  the  surface  of  a  transparent  solid— 
ior  example,  of  a  glass  prism  or  a  cut  gem.   The  value  of  r  thus  found  is  cjilled 
the  critical  angle;  the  smaller  this  angle  the  greater  the  apparent  brilliancy 
'  of  the  given  substance. 

The  relative  refractive  power  of  a  given  substance  compared  with  that  (»f 
the  enclosing  medium  (e,g.y  Canada  balsam  with  n,  =  *1'539)  determines  on 
the  principle  of  total  reflection  whethier  the  surface  appears  rough  with  dark 
cracks  (''liigh  relief)  as  in  garnet  and  zircon,*  or  smooth  ana  even  ('Mow 
relief  '0  as  in  quartz. 

304.  Determination  of  the  Befraotive  Index. — By  means  of  a  prism,  as 
MNP  in  Fig.  502,  it  is  possible  to  determine  the  value  of  «,  or  refractive 

index  of  a  given  substance.  The  angle  of  the 
prism  MNP,  a,  is,  in  each  case,  measured  in 
the  same  manner  as  the  angle  between  two  face$ 
of  a  crystal,  and  then  the  minimum  amount  of 
deviation  {6)  of  a  monochromatic  ray  of  light, 
e.g.,  yellow  sodium  light,  passing  from  a  slit 
through  the  prism  is  also  determined.  The 
amount  of  deviation  of  a  ray  in  passing  through 
A  '*p  the  prism  varies  with  its  position;  but  when  the 

prism  IB  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the  prism, 

that  is,  with  the  normals  (i  =  ^^  Fig.  502),  when  entering  and  emerging,  this 

deviation  has  2k  fixed  minimum  value. 

If  <^  =  the  minimum  deviation  of  the  ray,  and  a  =  the  angle  of  the  prism, 

then 

^  _  sin  i(a  +  6) 
Sin  ^a 

The  application  of  this  method  is  ffiven  in  a  later  article.  Several  other 
methods  are  also  explained — ^for  example,  one  depending  upon  total  reflection. 

305.  Dispersion^ — Thus  far  the  change  in  direction  which  light  suffers  in 
reflection  and  refraction  has  alone  been  considered.  It  is  further  true  that 
the  amount  of  refraction  differs  for  the  waves  of  different  length,  that  is, 
the  different  colors  of  which  ordinary  white  light  is  composed,  being  greater 
for  blue  than  for  red.  In  consequence  of  this  fact,  if  ordinary  light  be  passed 
through  a  prism,  as  in  Fig.  502,  it  will  not  only  be  refracted,  but  it  will  also 
suffer  dispersion  or  be  separated  into  its  component  colors,  thus  forming  the 
prismatic  spectrum. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths; the  red  waves  are  longer,  their  transverse  vibrations  are  slower,  and 
it  may  be  shown  to  follow  from  this  that  they  suffer  less  change  of  velocity 
on  entering  the  new  medium  than  the  violet  waves,  which  are  shorter  anil 
whose  velocity  of  transverse  vibration  is  greater.  Hence  the  refractive  index 
for  a  given  substance  is  greater  for  blue  than  for  red  light.  The  following 
are  values  of  the  refractive  indices  for  diamond  determined  by  Schrauf : 

2-40845  red  (lithium  flame). 

2*41723  yellow  (sodium  flame). 

2*42549  green  (thallium  flame). 

806.  Spectroscope. — The  instrument  most  simply  used  for  the  analysis  of 
the  light  by  dispersion  is  familiar  to  all  as  tlie  spectroscope.*    In  it  the  light 

*  A.  de  GramoDl  has  shown  that  the  direct  spectroscopic  examinaliou  of  many  mineral 
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from  the  given  Bourcey  received  through  a  narrow  slit  in  the  end  of  one  tube, 
is  made  to  fall  as  a  plane- wave  (that  is,  as  a  ''  pencil  of  parallel  rays  ")  upon  one 
surface  of  a  prism  at  the  center,  and  the  spectrum  produced  is  viewed  tiirough 
u  suitable  telescope  at  the  end  of  a  second  tube. 

If  the  light  from  an  incandescent  solid — which  is  "white  hot"  (Art.  294) — 
is  viewed  through  the  spectroscope,  the  complete  band  of  colors  of  the 
spectrnm  is  seen  from  the  red  through  the  orange,  yellow,  ^reen,  blue,  to  the 
violet.  If,  however,  the  light  from  an  incandescent  vapor  is  examined,  it  is 
found  to  give  a  spectrum  consisting  of  bright  lines  (or  bands)  only,  and  these 
in  a  definite  position  characteristic  of  it — as  the  yellow  line  (double  line)  of 
sodium  vapor;  the  more  complex  series  of  lines  and  bands,  red,  yellow,  and 
green,  characteristic  of  barium;  the  multitude  of  bright  lines  due  to  iron 
vapor  (in  the  intensely  hot  electric  arc),  and  so  on. 

307.  AbBorption.— Of  the  light  incident  upon  the  surface  of  a  new  medium^ 
not  only  is  part  reflected  (Art.'  296)  and  part  transmitted  and  refracted 
(Art.  297),  but,  in  general,  part  is  also  absorbed  at  the  surface  and  part  also 
dnring  the  transmission.  Physically  expressed,  absorption  in  this  case  means 
the  transformation  of  the  ether- waves  into  sensible  heat>  that  is,  into  the 
motion  of  the  molecules  of  the  hodj  itself. 

The  color  of  a  body  gives  an  evidence  of  this  absorption.  Thus  a  sheet  of 
red  glass  appears  red  to  the  eye  by  transmitted  light,  because  in  the  trans- 
mission of  the  light-waves  through  it,  it  absorbs  all  except  those  which 
together  produce  the  effect  of  red.  For  the  same  reason  a  piece  of  jasper 
appears  red  by  reflected  light,  because  it  absorbs  part  of  the  light-waves  at  the 
surface,  or,  in  other  words,  it  reflects  only  those  which  together  give  the 
cfect  of  this  particular  shade  of  red. 

Absorption  in  general  is  selective  absorption;  that  is,  a  given  body  absorbs 
particular  parts  of  the  total  radiation,  or,  more  definitely,  waves  of  a  definite 
wave-length  only.  Thus,  if  transparent  pieces  of  glass  of  different  colors  are 
held  in  succession  in  the  path  of  the  white  light  which  is  passing  into  the 
spectroscope,  the  spectrnm  viewed  will  be  that  due  to  the  selective  absorption 
of  the  substance  in  question.  A  layer  of  blood  absorbs  certain  pai*ts  of  the 
light  so  that  its  spectrum  consists  of  a  series  of  absorption  bands.  Certain 
rare  substances,  as  the  salts  of  didymium,  etc.,  have  the  property  of  selective 
absorption  in  a  high  degree.  In  consequence  of  this,  a  section  of  a  mineral 
containing  them  often  dves  a  characteristic  absorption  spectrum. 

The  dark  lines  of  the  solar  spectrum,  of  which  the  so-called  Fraunhofer 
lines  are  the  most  prominent,  are  due  to  the  selective  absorption  exerted  by 
the  solar  atmosphere  upon  the  waves  emitted  by  the  much  hotter  incandescent 
mass  of  the  sun. 

308.  Biffiraotion. — When  monochromatic  light  is  made  to  pass  through  a 
narrow  slit,  or  by  the  sharp  edge  of  an  opaque  body,  it  suffers  diffraction,  and 
there  arise,  as  may  be  observed  upon  an  appropriately  placed  screen,  a  series 
of  dark  and  light  oands,  growing  fainter  on  the  outer  limits.  Their  presence 
is  explained  (see  Arts.  312,  313)  as  due  to  the  interference,  or  mutual 
reaction,  of  the  adjoining  systems  of  waves  of  light,  that  is,  the  initial  lifi:ht- 
^aves,  and  further,  those  which  have  their  origin  at  the  edge  or  sides  of  the 
slit  in  question.  It  is  essential  that  the  opening  in  the  slit  should  be  small  as 
compared  with  the  wave-length  of  the  light.     If  ordinary  light  is  employed, 

species  (gnlena,  pyrite)  serves  ns  a  method  of  qualitative  analysis  and  gives  interesting 
teaults.    Bull.  8oc.  Min.,  18, 171-378,  1895. 
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the  phenomena  are  the  same,  and  for  the  same  causes,  except  that  the  bauds 
are  successive  colored  spectra. 

Diffraction  spectra,  explained  ou  the  priDciples  alludeii  to,  are  obtained  from  diffracti*  u 
gratings.  These  gratings  consist  of  a  series  of  extremely  tine  parallel  lines  (say  15,000  or 
W,00')  to  an  iucb)  ruled  with  great  regularity  upon  glass,  or  upon  a  puUslied  surface  of 
speculum  meUd.  The  glass  grating  is  used  with  transmitted,  and  the  speculum  gnitini; 
with  reflected,  light;  the  Rowland  grating  of  the  latter  kind  has  a  concave  surface.  E.ich 
grating  gives  a  number  of  spectra,  of  the  first,  second,  third  order,  etc.  Tiiese  $ii)eciia 
have  the  advantage,  as  compared  with  those  given  by  prisms,  that  the  dispersion  of  the 
different  colors  is  strictly  proportional  to  the  wave-leugth. 

309.  Double  Refiraotion.~Iu  the  discussion  of  Art.  297,  applying  to 
isotropic  media,  it  was  shown  that  light-waves  passing  from  one  medium  into 
another,  which  is  also  isotropic,  suffer  simply  a  change  in  wave-front  in  con- 
sequence of  their  change  in  velocity.  In  anisotropic  media,  however,  which 
include  all  crystals  but  those  of  the  isometric  system,  there  are,  in  general, 
two  wave-systems  propagated  with  different  velocities  and  only  in  certain 
limited  cases  is  it  true  that  the  light-ray  is  normal  to  the  wave-front.  This 
subject  cannot  be  adequately  explained  until  the  optical  properties  of  these 
media  are  fully  discussed,  but  it  must  be  alluded  to  here  since  it  serves  to 
explain  the  familiar  fact  that,  while  with  glass,  for  example,  there  is  only  one 
refracted  ray,  many  other  substances  give  two  refracted  rays,  or,  in  other 
words,  show  double  refraction. 

The  most  familiar  example  of  this  property  is  furnished  by  the  mineral 
calcite,  also  called  on  account  of  this  property  "doubly-refracting  spar." 
If  mnop  (Fig.  503)  be  a  cleavage  piece  of  calcite,  and  a  ray  of  light  meets  it 
fi03  *^  *'  ^^  ^^^''  ^°  passing  through,  be  divided  into  two  rays, 

be,  bd.  For  this. reason,  a  dark  spot  or  a  line  seen  through 
a  piece  of  calcite  ordinarily  appears  double.  As  implied 
above  and  also  in  Art.  300  the  same  property  is  enjoyed  by 
all  crystallized  minerals,  except  those  of  the  isometric 
system.  The  wide  separation  of  the  two  refracted  rays  by 
calcite,  which  makes  the  phenomenon  so  striking,  is  a  con- 
sequence of  the  lar^e  difference  in  the  values  of  its  indices 
of  refraction,  in  other  words,  as  technically  expressed,  it  is 
due  to  the  strength  of  its  double  refraction,  or  its  birefringence. 

310.  When  the  incident  light  is  perpendicular  to  the  surface  of  the  doubly- 
tefracting  substance,  there  is,  in  the  more  commonly  occurring  cases,  no 
change  of  direction  in  the  transmission;  but  even  then  it  is  usually  still  true 
that  the  incident  ray  is  divided  into  two  rays,  which,  though  they  may  travel 
in  the  same  path,  yet  have  different  velocities,  so  that  one  falls  behind  the 
other.  Further,  as  later  explained,  each  is  in  c^eneral  plane- polarized.  For 
each  of  these  ravs,  it  is  true  that  for  waves  of  the  same  length  the  rate  of 
transverse  vibration,  and  hence  the  velocity  of  the  ray  itself,  is  inversely 
proportional  to  the  respective  refractive  index. 

311.  Literferenee  of  Waves  in  General. — The  subject  of  the  interference 
of  light-waves,  alluded  to  in  Art.  308,  requires  detailed  discussion.  It  is 
one  of  great  importance,  since  it  serves  to  explain  many  common  and  beautiful 
phenomena  in  the  optical  study  of  crystals,  for  example,  the  axial  interference 
fignros  shown  on  the  plate  forming  the  frontispiece. 

Tleforring  again  to  the  weter-waves  spoken  of  in  Art.  287,  it  is  easily 
tinderstood  that  when  two  wave-systems,  going  out,  for  example,  from  tvo 
centers  of  disturbance  near  one  another,  come  together,  if  at  a  given  poii  t 
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they  meet  in  the  same  phase  (as  crest  to  crest),  the  result  is  to  ^ive  the  particle 
iu  question  double  amplitude  of  motion.  Ou  the  other  hand,  if  at  any  point, 
the  two  waye-systems  come  together  in  opposite  phases,  that  is,  half  a  waye- 
length  apart,  the  crest  of  one  corresponding  to  the  trough  of  the  other,  they 
interfere  and  the  amplitude  of  motion  is  zero.  Under  certain  conditions^ 
therefore,  two  sets  of  wayes  may  unite  to  form  wayes  of  double  amplitude;  on 
the  other  hand,  they  may  mutually  interfere  and  destroy  each  other. 
Obviously  an  indefinite  number  of  intermediate  cases  lie  between  these 
extremes.  What  is  true  of  the  wayes  mentioned  is  true  also  of  sound-wayea 
and  of  waye-motion  in  general.  A  yery  simple  case  of  interference  was  spoken 
of  in  connection  with  the  discussion  of  the  wayes  carried  by  a  long  rope 
(Art.  289). 

312.  Interference  of  Light-waves. — Interference  phenomena  can  be  most 
satisfactorily  studied  in  the  case  of  light-wayes.  The  extreme  cases  are  as 
follows:  If  two  wayes  of  like  length  and  intensity,  and  propagated  in  the  same 
direction,  meet  in  the  same  phase,  they  unite  to  form  a  waye  of  double  intensity 
(double  amplitude).  If,  howeyer,  the  wayes  differ  in  phase  by  half  a  waye* 
length,  or  an  odd  multiple  of  this,  they  interfere  and  extinguish  each  other. 
For  other  relations  of  phase  they  are  also  said  to  interfere,  forming  a  new 
resultant  wave,  differing  in  amplitude  from  each  of  the  component  wayes. 
In  these  cases  monochromatic  lignt-wayes  were  assumed  (that  is,  those  of  like 
length).  If  ordinary  white  light  is  used,  the  wayes  in  the  case  of  interference 
will  oyerlap,  and  their  interference  will  be  indicated  by  the  appearance  of  the 
colors  of  the  spectrum. 

313.  Blustrations  of  Interference. — A  simple  illustration  is  afforded  by  the 
briglit  colors  of  yery  thin  films  or  plates,  as  a  film  of  oil  on  water,  a  soap- 
bubble,  and  like  cases.  To  understand  these,  it  is  only  necessary  to  remember 
that  the  incident  light-wayes  are  reflected  in  5(^ 

part  from  the  upper  and  in  part  from  the  lower 
surface  of  the  nlm  or  plate.  Hence  if  the 
thickness  is  yery  small,  these  two  reflected 
wave-systems,  when  they  come  together  (repre- 
sented in  Fig.  504  by  the  two  rays  AC^  BD) 
will  differ  from  one  another  in  phase,  and  inter- 
fering giye  rise  (in  ordinary  light)  to  the  colored 
phenomena  spoken  of.  It  is  to  be  noted  that 
the  phenomena  of  interference  by  reflection  are 
somewhat  complicated  by  the  fact  that  there  is 
a  reversal  of  phase  (that  is,  a  loss  of  half  a 
wave-length)  at  the  surface  which  separates  the 
inedinm  of  greater  optical  density  from  the  rarer  one.  Hence  the  actual 
relation  in  phase  of  the  two  reflected  rays,  as  ^C7,  BD  (supposing  them  of 
tlie  same  waye-length)  is  that  determined  by  the  retardation  due  to  the 
;:reater  length  of  path  trayersed  by  Bd,  together  with  the  loss  of  a  half  waye- 
Itngth  due  to  the  reyersal  of  phase  spoken  of.  As  shown  in  the  figure,  there 
are  also  two  transmitted  waves  which  also  interfere  in  like  manner. 

A  plano-convex  lens  of  long  curvature,  resting  on  a  plane  glass  surface 
(Fig.  505),  and  hence  separated  from  it,  except  at  the  center,  by  a  film  of  air 
of  varying  thickness,  gives  by  reflected  monochromatic  light  a  dark  center  and 
about  this  a  series  of  light  and  dark  rings,  called  Netoton's  rings.  The  dark 
center  is  due  to  the  interference  of  the  incident  and  reflected  waves,  the 
latter  half  a  wave-length  behind  the  former.     The  light  rings  correspond 
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to  the  distances  where  the  two  sets  of  reflected  waves  meet  in  the  same 

506.  phase,  that  is  (noting  the  explanation 

above)   where  the  retardation  of  those 

having  the  longer  path  is  a  half  wave- 

length  or  an  odd  multiple  of  this  (^A, 

|Ay  j^X,  etc.).  Similarly  the  dark  rings 
fall  between  these  and  correspond  to  the  points  where  the  two  waves  meet 
in  opposite  phase,  the  retardation  being  a  wave-length  or  an  even  multiple 
of  this.  The  rings  are  closer  together  with  blue  than  with  red  because  of 
their  smaller  wave-length.  In  each  of  the  cases  described  the  ring  is  properly 
the  intersection  on  the  plane  surface  of  the  cone  of  rays  of  like  retardation. 

In  ordinarv  white  light  there  can  be  no  dark  rings  because  of  the  difference 
of  length  of  the  component  waves;  on  the  contrary,  the  overlapping  of  these 
waves  produces  a  series  of  colored  rings,  each  showing  the  successive  colors  of 
the  spectrum.  The  series  of  colors  are  distinguished  as  of  the  first,  secoud, 
third,  etc.,  order;  for  a  given  color,  as  red,  may  be  repeated  a  number  of  times 
as  the  waves  overlap.  After  a  certain  number  of  waves  have  overlapped  in 
this  way,  white  light  ("  of  a  higher  grade")  results. 

Similarly  in  the  case  of  the  thin  plate  in  white  light,  a  certain  thick- 
ness and  consequent  retardation  produces  a  superposition  of  the  waves 
which  yields,  for  example,  a  shade  of  red;  a  greater  thickness  (and  retarda- 
tion) a  red  of  the  second  order,  etc.  If  the  plate  is  not  very  thin,  simple 
white  is  reflected  from  it. 

Another  most  satisfactory  illustration  of  the  interference  of  light-waves  is  given  by 
menns  of  the  diffraction  gratings  spoken  of  in  Art.  SOS,  but  the  subject  cannot  be  further 
discussed  in  this  place. 

Other  cases  of  the  composition  of  two  systems  of  light-waves  will  be  con- 
sidered after  some  remarks  on  polarized  light. 

314.  Polarization  and  Polarized  Light.— Ordinary  light  is  propagated  by 
transverse  vibrations  of  the  ether  which  take  place  alike  in  all  planes  about 
the  line  of  propagation.  A  ray  of  ordinary  light  is,  therefore,  alike  or  sym- 
metrical in  all  directions  about  this  line;  it  may  be  most  simplv  thought  of  as 
being  propagated  by  two  equal  sets  of  transverse  vibrations  taken  in  any  two 
planes  at  rignt  angles  to  each  other. 

Plane-polarized  light,  on  the  other  hand,  as  stated  briefly  in  Art.  291,  is 
propagated  by  ether-vibrations  which  take  place  t»  one  plane  only.  The 
change  by  which  ordinary  light  is  changed  into  a  polarized  light  is  called 
polarization,  and  the  plane  at  right  angles  to  the  plane  of  transverse  vibn\tioa 
IS  called  the  plaiie  of  polarization.* 

Polarization  may  be  accomplished  (1)  by  reflection  and  by  single  refraction, 
and  f2)  by  double  refraction. 

315.  Polarization  by  Reflection  and  Single  Refraction. — In  general,  light 
which  has  suffered  reflection  from  a  surface  like  that  of  polished  glass  is  more 
or  less  completely  polarized;  that  is,  the  reflected  waves  are  propagated  by 
vibrations  to  a  large  extent  limited  to  a  single  plane,  viz ,  (as  assumed)  the 
plane  normal  to  the  plane  of  incidence,  which  last  is  hence  the  plane  of 
polarization.  Furthermore,  in  this  case,  the  light  transmitted  and  refracted 
oy  the  reflecting  medium  is  also  in  like  manner  partially  polarized ;  that  is,  the 

•This  is  in  accordance  with  the  nssnmption  of  Fresnel;  with  MacCullagli  ihe  vihration- 
plane  and  plane  of  polarization  coincide.  All  ambjguiiy  is  avoided  by  speaking  uniformly 
of  the  vibration-plane  of  the  light. 
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Tibrations  are  more  or  less  limited  to  a  single  plane,  in  this  case  a  plane  at 
right  angles  to  the  former  and 
hence  coinciding  with  the  plane 
of  incidence.  For  a  given  angle 
of  incidence,  varying  for  each 
substance,  but  snch  tnat  the  re- 
jected and  refracted  rays  {AB 
and  A  C,  Fig.  506)  make  an  angle 
of  90"^  with  each  other,  this  po- 
larization is  a  maximum.  For 
this  case  it  is  hence  true,  if  we 
represent  this  angle  of  polariza- 
tion by  i,  that 

tan  1  =  n. 
This  law,  established  by  Brewster,  may  be  stated  as  follows : 

Tlie  angle  of  polarization  is  that  angle  whose  tangent  is  the  index  of  refrac^ 
Hon  of  the  reflecting  substance.  For  crown  glass  this  angle  is  about  58^  (see 
Fig.  506).  If  light  suffers  repeated  reflections  from  a  series  of  thin  dass  plates^ 
the  polarization  is  more  complete,  though  its  intensity  is  weakened.  Metallio 
surfaces  polarize  the  light  very  slightly. 

If  the  polarized  light-waves  fall  upon  a  second  similar  reflecting  surface  at 
the  same  angle,  they  will  be  reflected  again  unchanged,  on  the  condition  that 

the  two  planes  of  incidence  (and  hence  the  two- 

{ lanes  of  polarization)  of  the  two  mirrors  coincide^ 
f,  however,  these  planes  are  at  right  angles  to  each 
/^^^^  other,  the  light  polarized  by  the  first  mirror  will  be 

/^p"\^^  extinguished  by  the  second.     As  the  polarization  is 

)fr|      ^^«  in  no  position  absolutely  complete,  the  light  is  not 

completelv  arrested,  but  only  reduced  to  a  mini- 
mum in  the  second  position. 

This  case  is  illustrated  by  Fig.  507.  Here  the 
incident  ray  AB\a  reflected  bj  the  flrst  mirror  mn 
in  the  direction  £(7  and  polarized  in  a  plane  normal 
to  the  plane  bf  incidence— the  angle  ABH  being 
equal  to  the  angle  of  polarization.  If  now  the 
second  mirror  occupy  either  of  the  positions  o/?  or 
o'p'y  the  planes  of  incidence  (and  of  polarization)  of 
both  mirrors  coincide  and  the  light-ray,  BCj  is,, 
therefore,  reflected  a  second  time  in  the  direction  of  oD,  or  oD\  If,  however^ 
the  second  mirror  be  revolved  about  a  vertical  axis  the  reflected  light  becomes 
gradually  weaker  and  is  sensibly  extinguished  when  the  two  planes  of  inci- 
den(»e  are  at  right  angles  to  each  other. 

316.  Poliurization  by  Doable  Refraction. — When  light  in  .passing  through  a 
crystalline  medium  is  doubly  refracted  (Art.  309)  or  divided  into  two  sets  of 
waves,  it  is  always  true  that  both  are  completely  polarized  and  in  planes  at 
ric^ht  angles  to  each  other.  This  subject  can  only  be  satisfactorily  explained 
after  a  full  discussion  of  the  properties  of  anisotropic  crystalline  media,  but  it 
may  be  alhided  to  here  since  this  principle  gives  the  most  satisfactory  method 
of  obtaining  polarized  light.  For  this  end  it  is  necessary  that  one  of  the  two 
wjive-svRtems  should  be  extinguished,  so  that  that  due  to  a  single  set  of  vibra- 
tions only  is  transmitted.  This  is  accomplished  by  natural  absorption  in  the 
^^use  of  tourmaline  plates  and  by  artificial  means  in  the  nicol  prisms  of  calcite. 
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317.  Polarized  Light  by  AbiorptioiL — If  from  a  crystal  of  tourmaline,  whicli 
is  suitably  transparent,  two  sections  be  obtained,  each  cut  parallel  to  the 
vertical  axis,  it  will  be  found  that  these,  when  placed  together  with  the  direc- 
tion of  their  axes  coinciding,  allow  the  light  to  pass  through.  If,  however, 
one  section  is  revolved  upon  the  other,  less  and  less  of  the  light  is  transmitted, 
until,  when  their  axes  are  at  right  angles  (90°)  to  each  other,  the  light  i: 
(almost  perfectly)  extinguished.  As  the  revolution  is  continued,  more  and  more 
light  is  obtained  through  the  sections,  and  after  a  revolution  of  180°,  the  axe^ 
being  again  parallel,  the  appearance  is  as  at  first.  A  further  revolution  (270") 
brings  the  axes  a^ain  at  right  angles  to  each  other,  when  the  light  is  a  second 
time  extinguished,  and  so  on  around. 

The  explanation  of  this  phenomenon,  so  far  as  it  can  be  given  here,  is 
analogous  to  that  employed  for  the  case  of  polarization  by  refiection.     Each 

plate  doubly  refracts  the  light ;  but  one  of  the 
two  sets  of  waves  is  absorbed,  and  only  that  set 
whose  vibrations  are  parallel  to  the  vertical  axis 
are  transmitted.  If  now  the  two  plates  are  placed 
in  the  same  position,  abdc,  and  efhg  (Pig.  508), 
the  light  passes  through  both  in  succession.  If, 
however,  the  one  is  turned  upon  the  other,  only 
that  portion  of  the  li^ht  can  pass  through  whicli 
vibrates  still  in  the  direction  ac.  This  portion 
is  determined  by  the  resolution  of  the  existing 
vibrations  in  accordance  with  the  principle  of  the  parallelogram  of  forces. 
Consequently,  when  the  sections  stand  at  right  angles  to  each  other  (Fig.  509) 
the  amount  of  transmitted  light  is  nearlv  zero,  that  is,  the  light  is  extinguished. 
Instead  of  tourmaline,  an  artificial  salt,  the  sulphate  of  iodoquinine  (hera- 
pathite)  is  sometimes  employed,  but  it  has  little  practical  value. 

318.  Polarized  Light  by  Nicol  Prisms.— The  most  satisfactory  method  of 
obtaining  polarized  light  is  by  means  of  a  prism  of  transparent  calcite  (Iceland 
spar).  Fig.  510  shows  the  principle  involved  in  the  prism  early  constructed 
by  Nicol,  which  transmits  one  only 
of  the  two  refracted  rays,  that  re- 
presented by  the  line  Me  (the  extra- 
ordinary ray,  as  later  defined).  The 
other  ray,  he,  suffers  total  reflection 
at  the  surface  where  the  two  sec- 
tions are  united  together  by  Canada 
balsam  and  is  then  absorbed  by  the 
black  surface  of  the  sides.  Here 
the  vertical  faces  are  natural  cleav- 
age-faces; the  face  PP  is  ground 
on  80  as  to  make  an  angle  of  68^ 
with  the  obtuse  vertical  angle;  the 
prism  so  formed  is  cut  diagonally 
across  (flH),  and  then  the  parts 
cemented  together.  This  form  of 
prism,  as  well  as  others  somewhat 
different  in  form  but  accomplishing 
the  same  end  with  the  use  of  less 
material,  is  ordinarily  called  a  Nicol 
prism,  or  briefly  a  7iicoL     The  section  of  the  ordinary  nicol  of  Fig.  510  is 
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lozenge-sbaped  (^^ig*  ^11^);  the  plane  of  polarization^  PPy  passes  through  the 
..oate  angles  of  the  cross-section,  and  the  vibration-plane,  here  as  nsual 
represented  by  a  doable-headed  arrow,  passes  through  the  obtuse  edges.  The 
other  prisms  alluded  to  may  have  a  rectangular  cross-section.  The  vibration- 
;>lane  can  be  readily  determined  in  any  case  by  examining  with  it  the  light 
redacted  from  some  suitable  surface  (e.g.,  of  a  wood  table).  Twice  in  a  revolu- 
tion of  the  prism  through  360°  about  its  axis  this  light  will  be  weakened ; 
wiien  this  is  true,  the  vibration-plane  of  the  prism  must  be  perpendicular  to 
TMcit  of  the  partially  polarized  reflected  light,  that  is,  it  must  be  vertical,  since 
tiie  latter  is  taken  as  horizontal. 

319.  Polariscope.  Polarizer.  Analyser.^The  combination  of  two  nicols,  or 
other  polarizing  contrivances,  for  the  examination  of  a  substance  in  polarized 
light  is  called,  m  general,  a  polariscope;  the  common  forms  are  described  later, 
lu  .my  polariscope  the  prism,  or  other  contrivance,  which  polarizes  the  light 
given  from  the  outside  source  is  called  the  polarizer;  the  other  is  the  analyzer. 
Jf  the  prisms  have  their  vibration-planes  at  right  angles  to  each  other,  they  are 
said  to  be  crossed;  the  incident  light  polarized  by  the  polarizer  is  then 
extinguished  by  the  analyzer;  briefly,  it  is  said  to  suffer  eztinction, 

320.  Interference  of  Plane-polariied  Waves.  IxLterferenoe-colors.  —  The 
simplest  case  of  the  interference  (Art.  312)  of  polarized  light  to  consider  is 
that  where  the  two  light- waves,  or,  more  simple  expressed,  two  rays,  are  polar- 
ized in  the  same  plane.  They  may  then  interfere  to  extinguish  each  other, 
or  they  may  dve  rise  to  beautiful  color-effects. 

Suppose,  for  example,  that  in  a  polarization-microscope  (Art.  328)  parallel 
light  passes  upwards  through  the  lower  nicol,  whose  vibration-plane  is  shown 
in  the  cross-section  of  Fig.  512  by  the  arrow  AA\  5^2 

this  light  is  polarized  in  a  single  plane.    Now  let  ^  * 

this  polarized  light  pass  through  a  thin  cleavage- 
plate  of  selenite;  it  will  in  general  be  separated 
into  two  ravs,  each  polarized  in  planes  at  rifi;ht 
angles  to  the  other,  having  a  definite  position 
peculiar  to  this  substance.  Thus,  in  Fig.  512,  if 
ahcd  represents  the  selenite  plate,  its  vibration-  g<  ^  ■ 
planes  nave  the  directions  of  the  dotted  arrows.  /*' 

The  two  rays  corresponding  to  them  travel  through  f^ 
the  section  with  unequal  velocity,  and  on  emerging 
one  is  slightly  retarded  as  compared  with  the 
other.  Now  let  these  light-rays  pass  through  a 
second  nicol,  with  its  vibration-plane  at  rifi;ht 
angles  to  that  of  the  first  nicol,  that  is,  in  the  direction  of  the  arrow  BB.  Then 
each  of  the  two  sets  of  vibrations  (represented  by  the  dotted  arrows)  will  have 
a  component  in  the  direction  of  BB,  and  these  will  emerge  now  polarized  in 
the  same  plane,  and  hence  capable  of  interfering,  for  light-rays  can  only  thus 
completely  interfere  when  their  vibrations  are  in  a  common  plane.  Further, 
an  amount  of  light  corresponding  to  the  other  components  (in  the  direction 
A  A)  will  be  extinguished.  One  of  these  emergent  rays  is,  as  stated,  slightly 
rutarded  as  compared  with  the  other.  The  amount  of  this  retardation 
oljviously  varies  with  the  strength  of  the  double  refraction  (in  this  case  y  —  a), 
uiid .  also  with  the  thickness  of  the  section  taken.  The  interference-color  of 
the  section,  supposing  ordinary  light  to  be  used,  depends  upon  these  two  con- 
ditions, and  may  be  calculated  for  a  given  substance.  Thus  a  plate  of  seleuito 
of  a  thickness  of  0*055  mm.  will  give  a  red  (of  i\iQ  first  order),  and  if  thinner. 
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a  yellow  or  gray.  As  the  thickness  increases,  the  colors  (now  of  the  second 
order)  pass  through  successive  shades  of  blue,  green,  yellow,  orange,  and  if  the 
plate  is  of  sufficient  thickness  a  second  red  and  so  on  (see,  further.  Arts.  359 
and  382).  A  mineral  of  very  strong  double  refraction,  as  calcite,  shows  onlv 
the  white  of  the  higher  order  unless  extremely  thin. 

If  the  section  had  happened  to  have  the  position  of  a'Vc'd'  (Fig.  612),  its 
vibration-planes  would  have  coincided  with  those  of  the  two  nicols,  and  the 
light,  after  passing  through  the  first  nicol  and  the  section,  would  have  been 
propagated  by  vibrations  in  the  direction  AA  only,  and  hence  have  been  com- 
pletely extinguished  by  the  second  nicol.  The  plate  would  then  have  appeareii 
dark. 

The  successive  interference-colors*  of  the /fr#<  <»rd9r  pass  from  an  iron-gray  th roup b 
bluisb-gray  to  white,  yellow,  and  red  ;  then  follow  indigo,  blue,  green,  vellow,  orange,  ana 
red  of  the  ucond  order;  then  the  similar  but  paler  series  of  colors  of  the  third  order,  ana 
finally  the  very  pale  sbades  of  green  and  red  of  the  fourth  order.  Beyond  this  the  colors 
are  not  very  distinct ;  white  of  a  higher  order  finally  results  from  the  interference. 

An  excellent  colored  plate  showing  these  colored  bands  is  given  by  Levy  and  Lacrois 
(Les  MinSraux  des  Roches,  1888).  It  is  so  arranged  as  to  give  the  thickness  of  the  sect  ion 
of  a  given  mineral  (all  important  species  present  in  rocks  being  included)  which  will  yield 
any  one  of  the  different  shades  of  color  mentioned.  The  use  to  which  such  a  plate  inky  he 
put  in  the  practical  determination  of  the  birefringence  of  a  given  mineral  will  be  referred 
to  later. 

321.  Complementary  Colois  in  Polarized  Light. — li  in  the  examination  of  tl]« 
selenite  plate,  as  just  described  (Art.  320),  one  of  the  nicols  had  been  rotated 
90°,  or,  in  other  words,  if  the  vibration-planes  of  the  two  nicols  had  been  made 
parallel,  then  it  is  obvious  that  interference  would  also  have  taken  place 
Detween  the  emerging  rays,  but  the  color  resulting  in  each  case  would  have 
been  exactly  the  complementary  tint  to  that  obtained  at  first  when  the  nicols 
were  crossed.  The  section  in  the  position  a'Vc^d'  between  parallel  nicoU 
obviously  would  appear  white. 

322.  In  the  preceding  articles  the  two  interfering  li^ht-rays,  after  emerging 
from  the  second  nicol,  were  assumed  to  be  polarized  in  the  same  plane;  for 
them  the  resulting  phenomena  as  indicated  are  comparatively  simple.  If, 
however,  two  plane-polarized  rays  propagated  in  the  same  direction  have  their 
vibration-directions  at  right  angles  to  each  other,  and  if  they  differ  one-quarter 
of  a  wave-length  {iX)  in  phase  (assuming  monochromatic  light),  then  it  may 
easily  be  shown  that  the  composition  of  these  two  systems  results  in  a  ray  of 
circularly  polarized  light.  Briefly  expressed,  this  is  a  ray  which  looked  at 
end-on  would  seem  to  be  propagated  by  ether- vibrations  taking  place  in  circles 
about  the  line  of  transmission.  From  the  side,  the  onward  motion  would  be 
like  that  of  a  screw,  and  either  right-handed  or  left-handed. 

If,  again,  two  light-rays  meet  as  above  described,  with  a  difference  of  phase 
differing  from  \X  (but  not  equal  to  an  even  multiple  of  ^A),  then  the  resulting 
composition  gives  rise  to  elliptically  polarized  light,  that  is,  a  light-nij 
propagated  by  ether-motions  taking  place  in  ellipses. 

The  above  results  are  obtained  most  simply  by  passing  plane-polarized  light 
through  a  doubly  refracting  medium  of  the  proper  thickness  {e.g.y  a  mica  plate) 
which  is  placed  with  its  vibration-planes  inclined  45°  to  that  of  the  polarizer. 
If  the  thickness  is  such  as  to  give  a  difference  in  phase  of  \X  or  an  odd  multiple 
of  this,  the  light  which  emerges  is  circularly  polarized.     If  the  phase  differs 

from  \X  (but  is  not  equal  to  ~  or  A),  the  emergent  light  is  elliptically  polarized. 

*  See  further  the  table  given  in  the  follow iug  article ;  also  tbe  explanation  of  th« 
•*  ultra-blue  "  on  p.  428. 
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The  following  table  from  Klein*  gives  the  relation  between  tbu  rttardutiou  from  IX  to 
2A  (A  =  wave-leugtb)  for  a  section  of  a  doubly  refractive  siibstuuce,  the  interference-color 
it  yields,  and  the  state  of  the  transmitted  light  as  regards  ]M)lHrization.  The  section  is  sup- 
IH)9ed  to  be  observed  in  parallel  sodium  light  with  crossed  nicols ;  further,  the  vibration- 
directiou  corresponding  to  the  greater  refractive  index  in  the  section  runs  from  left  in  front 
to  ri:;ht  behind. 


Rftardation 

Interference-color 

for  Ka  light. 

Nicola  (4-X  white 

light. 

Kind  of  JMearization. 

JA 

Lavender-gray 

l8T  ObDBB 

Elliptic,  right-handed. 

i^ 

Grayish-blue 

tt 

Circular, 

f^ 

Clearer-gray 

«< 

Elliptic, 

i^ 

Pale  straw-yellow 

«i 

Pianepoktrited, 

♦  A 

Bright  yellow 

<f 

Elliptic,  left-handed. 

*A 

Brownish-yellow 

<« 

Circular, 

JA 

Orange 

u 

Elliptic, 

X 

Red 

•• 

i^ 

Indigo 

2D0BBBB 

Elliptic,  right-handed. 

*A 

Azure-blue 

« 

CircuUr, 

VA 

Green 

M 

Elliptic, 

fA 

Brighter  greea 

M 

PlaM-polarUtid. 

VA 

Yellow 

m 

Elliptic,  left-handed. 

VA 

Orange 

M 

Circular, 

VA 

Reddish-orange 

M 

Elliptic, 

2A 

Dark  violet-red 

«« 

Plane-polarized, 

323.  Grystalf  Giving  Circular  Polarisation.— In  the  case  of  certain  doubly 
refracting  crystallized  media  (as  quartz),  and  also  of  certain  solutions  (as  of 
sugar),  it  can  be  shown  that  the  light  is  propagated  by  two  sets  of  ether- 
vibrations  which  take  place,  not  in  definite  transverse  planes — as  in  plane- 
polarized  light — bnt  in  circles  ;  that  is,  each  ray  is  circularly  polarized,  one 
being  right-handed,  the  other  left-handed.  Farther,  of  these  rays,  one  will 
Tiniformly  gain  with  reference  to  the  other.  The  result  is,  that  if  a  ray  of  plane- 
polarized  light  fall  upon  such  a  medium  (assuming  the  simplest  case,  as  of  a 
section  of  quartz  cut  normal  to  the  axis),  it  is  found  that  the  two  rays  circularly 
polarized  within  unite  on  emerging  to  a  plane-polarized  ray,  but  the  plane  of 
polarization  has  suffered  an  angular  change  or  rotation,  which  may  be  either 
to  the  right  (to  one  looking  in  tho  direction  of  the  ray),  when  the  substance 
is  said  to  be  right-handed,  or  to  the  left,  when  it  is  called  left-handed. 

This  phenomenon  is  theoretically  possible  with  all  crystals  of  a  given 
system  belonging  to  any  of  the  groups  of  lower  symmetry  than  the  normal 
group  which  show  a  plagihedral  development  of  the  faces;!  or,  more  simply, 
those  in  which  the  corresponding  right  and  left  (or  +  and  -)  typical  forms 
are  enantiomorphous  (pp.  50,.  82),  as  noted  in  the  chapter  on  crystallogi-aphy. 
In  mineralogy,  this  subject  is  most  important  with  the  common  species  quartz, 
of  tlie  rhombohedral-trapezohedral  group,  and  a  further  discussion  of  it  is 
postponed  to  a  later  page  (Art.  366). 


♦  Ber.  Ak.  Berlin,  221,  1898. 

f  Of  the  thirty-two  poasible  proups  amon^  crystalg.  the  following:  eleven  may  be  char- 
actenzed  by  circular  polarization :  Group  4,  p.  50  :  5,  p.  61 ;  11  and  12.  p.  68:  17.  p.  78. 
32.p.82;28and24.p.84;  27,  p.  96;  29.  pi  08  ;  82/ p.  109.  ^  »  P- «»»  ^'.  P-  '«• 
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OPTICAL  INSTRUMENTS  AND  METHODS.  | 

324.  Measnrement  of  Eefiractiire  Indices.  Kefractometer. — For  the  deier- 
miDation  of  the  refractive  indices  of  crystallized  minerals  Tarions  methods  r.- 
employed.  The  most  accurate  results,  when  snitahle  material  is  at  hand.  n.^. 
be  obtained  by  the  ordinary  refractometer.  This  requires  the  observation  • : 
the  angle  of  minimum  deviation  (6)  of  a  light-ray  on  passing  through  a  ]•^i^ . 
of  the  given  material,  having  a  known  angle  {a),  and  with  its  edge  cut  in  ilJ 
proper  direction.  The  measurements  of  a  and  6  can  be  made  with  an  ordii.:.:} 
refractometer  or  with  the  horizontal  goniometer  described  in  Art.  210.  F 
the  latter  instrument,  the  collimator  is  made  stationary,  being  fastened  to  a  1^: 
of  the  tripod  support,  but  the  observing  telescope  with  the  verniers  nH>\»> 
freely.  Further,  for  this  object  the  graduated  circle  is  clamped,  and  the  scri « 
attachments  connected  with  the  axis  carrying  the  support,  and  the  vernier 
circle  and  observing  telescope  are  loosened.  Light  from  a  monochromatic 
source  passes  through  an  appropriate  slit  and  an  image  of  this  is  throvn 
by  the  collimator  upon  the  prism.  With  a  doubly  refracting  substance  tw- 
images  are  yielded  and  the  angle  of  minimum  deviation  must  be  measured  I ' 
each;  the  proper  direction  for  the  edge  of  the  prism  in  this  case  is  disclIs^l-. 
later.  In  caaes  where  the  highest  degree  of  accuracy  is  desired  sunlight  ;^ 
employed  and  the  angle  of  deviation  measured  for  the  prominent  Fraunhuft: 
lines  (p.  171).  When  a  and  S  are  known  the  formula  in  Art.  804  is  used. 

325.  Total  Eeflectometer. — The  principle  of  total  reflection  (Art.  303)  tii:\v 
also  be  made  use  of  to  determine  the  refractive  index.  No  prism  is  required, 
but  only  a  small  fragment  having  a  single  polished  surface;  this  may  have 
any  direction  with  an  isometric  crystal,  but  in  other  cases  must  have  a  definitt* 
orientation,  as  described  later.  The  arrangements  required  (as  developed  br 
F.  Eohlrausch)  are,  in  their  simplest  form,  a  wide-mouthed  bottle  filled  vitli 
a  liquid  of  high  refractive  power,  as  carbon  disulphide  (pty  =  16442  ^'a' 
or  a-bromnaphthalin  {^y  =  1*6626  Na).  The  top  is  formed  by  a  fixed 
graduated  circle,  and  a  vertical  rod,  with  a  vernier  attached,  passes  through 
the  plate  and  carries  the  crystal  section  on  its  extremity,  immersed  in  ih^ 
liquid.  The  angle  through  which  the  crystal  surface  lying  in  the  axis  is 
turned  is  thus  measured  by  the  vernier  on  the  stationary  graduated  circle. 
The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and  through  this 
passes  the  horizontal  observing  telescope,  arranged  for  parallel  light.  The 
rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper,  through  whieii 
the  diffuse  illumination  from  say  a  sodium  flame  has  access;  the  rear  of  the 
bottle  is  suitably  darkened.  When  now  the  observer  looks  tbrougli  the 
telescope,  at  the  same  time  turning  the  axis  carrying  the  crystal  sectiou.  he 
will  finally  see,  if  the  source  of  illumination  is  in  a  proper  oblique  direction,  a 
sharp  line  marking  the  limit  of  the  total  reflection.  The  angle  is  measured  oS 
on  the  graduated  circle,  when  this  line  coincides  with  one  of  the  spider  line? 
of  the  telescope.  Now  the  crystal  is  turned  in  the  opposite  direction,  and  the 
angle  again  read  off.  Half  the  observed  angle  (2a)  is  the  angle  of  total 
reflection;  if  //  is  the  refractive  index  of  the  carbon  disulphide,  then  the 
required  refractive  index,  n,  is  equal  to 

jA  sin  a. 
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Under  faTorable  couditionB  the  results  are  accurate  to  four  decimal 
places.  This  method  is  limited,  obviously^  to  substances  whose  refractive 
index  is  less  than  that  of  the  liquid  medium  with  which  the  bottle  is  filled. 

Different  forms  of  total  reflectometers  *  have  been  deyised  by  Soret^ 
Pulfrich,  Czapski,  and  others. 

326.  The  method  of  obtaining  the  refractive  index  of  a  transparent 
medium,  first  described  by  Duke  de  Ohaulnes  (1767),  has  been  shown  by 
Sorby  f  to  allow,  under  suitable  conditions^  of  determinations  of  considerable 
accuracy.  This  method  consists  essentially  in  observing  the  distance  {d)  wliich 
the  focal  distance  of  the  objective  is  changed  when  a  plane-parallel  plate  of 
known  thickness  (/)  is  introduced  perpendicular  to  the  axis  of  the  microscope 
between  the  objective  and  the  focal  point,  here 


M  = 


t^d: . 


Sorby  made  use  of  a  glass  micrometei*,  upon  which  two  systems  of  lines 
perpendicular  to  each  other  Were  ruled.  A  micrometer-screw  in  the  microscope 
makes  it  possible  to  measure  the  distance  through  which  the  tube  is  raised 
and  lowered  down  to  '001  mm.;  consequently  both  t  and  d  can  be  obtained 
with  a  high  degree  of  accuracy.^ 

327.  Tourmalme  Tongf. — A  very  simple  form  of  polariscope  for  converging 
light  is  shown  in  Fig.  513;  it  is  convenient  in  use,  but  of  limited  application. 
Here  the  polarizer  and  analyzer  are  two  tourmaline  plates  such  as  were  described 
in  Art.  317.  They  are  mounted*  in  pieces  of  cork  and  held  in  a  kind  of  wire 
pincers.  The  object  to  be  eicamined  is  placed  between  them  and  supported 
there  by  the  spring  in  the  wire.  In  use  they  are  held  close  to  the  eye,  and 
in  this  position  the  crystal  seqtion  is  viewed  in  converaing  polarized  lights 
with  the  result  of  showing  (puder  proper  conditions)  the  axial  interference^^ 
figures  (Arts.  360  and  387). 

613. 


328.  Folarisoope.  Conosoope.  Btaurosoope. — The  common  forms  of  polari' 
scope  §  employing  nicol  prisms  are  shown  in  Figs.  514  and  515.||  Fig.  514 
represents  the  instrument  arranged  for  converging  light,  which  is  often  called 
a  conoscope. 

The  essential  parts  are  the  mirror  8,  reflecting  the  light,  which  after 
passins;  through  the  lens  e  is  polarized  by  the  prism  p.  li  is  then  rendered 
strongly  converging  by  the  system  of  lenses  nw,  before  passing  through  the  '' 

*See  Groth,  Phys.  Kiyst.,  1895,  pp.  654-679;  also  Das  Reflectometer,  etc.,  von  Dr. 
C.  Pulfrich.  Leipzig,  1890. 

fMiiLMag..  2,  1.  101,1878. 

iCf.  Rosenbuscb,  Micr.  Pbys.  Min.,  p.  84,  1892,  who  mentions  particularly  methods 
applicable  to  minerals  in  tbin  sections. 

§  See  furtber.  Groth,  Pbys.  Kryst.  (also  Pogg.  Ann..  144,  84.  1871). 

I  Tbese  figures,  also  Figs.  616, 517,  644.  are  taken  from  tbe  catalogue  of  R  Fuess,  Steg- 
litz.  Berlin. 
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section  under  examination  placed  on  a  plate  at  k.    This  plate  can  be  reTokeC 
through  any  angle  desired,  measured  on  its  circumference.     The  upper  tobi 

614.  616. 


contains  the  converging  system  oo,  the  lens  i,  and  the  analyzing  prism  j. 
The  arrangements  for  lowering  or  raising  the  tubes  need  no  explanation,  nor 
indeed  the  special  devices  for  setting  the  vibration-planes  of  the  nicols  at 
right  angles  to  each  other. 

The  accompanying  tube  (Pig.  515)  shows  the  arrangement  for  observations 
in  parallel  light,  the  converging  lenses  having  been  removed.     In  this  form  it 
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is  especially  used  for  staaroBCopic  measurements,  as  later  explained.  In  some 
forms  of  polariscope  of  the  above  type  the  place  of  the  analyzer  is  taken  by  a 
pair  of  black  glass  mirrors  set  at  the  proper  polarizing  ande. 

329.  Polarization-Microsoope.— The  investigation  of  the  form  and  optical 
properties  of  minerals  when  in  microscopic  form  has  been  much  facilitated 
Dy  the  use  of  microscopes  *  specially  adapted  for  this  purpose.  First  arranged 
with  reference  to  the  special  study  of  minerals  as  seen  in  thin  sections  of  rocks, 
they  have  now  been  so  elaborated  as  largely  to  take  the  place  of  the  older  optical 
instruments.  They  not  only  allow  of  the  determination  of  the  optical  prop- 
erties of  minerals  with  greater  facility,  but  are  applicable  to  many  cases  where 
:lie  crystals  in  hand  are  far  too  small  for  other  means. 

A  highly  serviceable  microscope,  for  general  use,  is  that  described  by 
Rosenbusch  in  1876  and  later  much  improved.  A  sectional  view  of  one  form 
is  shown  in  Fig.  516,  and  a  later  and  improved  pattern  is  given  in  Fig.  617. 
The  essential  arrangements  of  Pig.  516  are  as  foUows:  The  tube  carrying  the 
eyepiece  and  objective  has  a  fine  adiustment-screw  at  g;  the  coarse  adjust- 
ment is  accomplished  by  the  hand.  The  screw-head  g  is  graduated  and  turns 
about  a  fixed  index  attached  to  the  tube  jt?;  by  this  means  the  distance  through 
wliich  the  tube  is  raised  or  lowered  can  be  measured  to  0001  mm.  The 
polarizing  prism  is  placed  below  the  stage  at  r,  in  a  support  with  a  graduated 
(ircle,  so  that  the  position  of  its  vibration -plane  can  be  fixed.  The  analyzing 
prism  is  contained *in  a  cap,  ss,  which  is  placed  over  the  eyepiece;  this  may  be 
revolved  at  pleasure,  its  edge  being  graduated.  When  both  prisms  are  set  at 
tlie  zero  mark,  their  vibration-planes  are  crossed  (J_) ;  when  eitner  is  turned  90°, 
the  planes  are  parallel  (|).  The  stage  is  made  to  rotate  about  the  vertical 
axis,'  but  otherwise  (in  this  simple  form)  is  fixed  ;  its  edge  is  graduated,  so 
tiiat  the  angle  through  which  it  is  turned  can  be  measured  to  i°.  Three 
iifljiistment-screws,  of  which  one  is  shown  at  n,  n,  make  it  possible  to  bring 
the  axis  of  the  obiect-glass  in  coincidence  with  axis  of  rotation  of  the  stage 
(see,  further,  the  detailed  drawing  at  the  side). 

The  instrument  here  described  may  be  used  in  the  first  place  as  an  ordinary 
microscope  with  magnifying  power  adapted  to  the  special  case  in  hand.  In  the 
second  place,  with  polarizing  prisms  and  the  usual  arrangement  of  lenses,  it 
serves  for  determining  the  planes  of  light-vibration  (like  the  stauroscope  of 
x\rt.  328) ;  also  for  observing  the  interference-colors  of  doubly  refracting  sec- 
tions and  so  on.  Finally,  with  eyepiece  removed  and  special  condensing  Tenses 
aided  beneath  the  object  on  the  stage  (as  more  fully  described  later),  it  may  be 
used,  like  the  conoscope,  for  observing  axial  interference-figures,  etc. 

330.  A  later  and  iniproved  form  of  microscope  shown  in  Fig.  517  is 
essentially  like  that  of  Fig.  516,  but  has  various  refinements  for  accurate 
work.  Thus,  a  screw  is  added  for  the  coarse  adjustment;  another  screw  to 
rai.^e  and  depress  the  lower  nicol;  a  mechanical  stage,  etc.  A  more  essential 
iniprovement.  is  the  insertion  of  the  upper  nicol  in  a  support,  iV,  which  can 
he  pushed  in  or  out  at  will  hettveen  the  eyepiece  and  objective.  The  upper 
nicol  above  the  eyepiece  is,  however,  also  needed  in  certain  cases,  for  example 
with  the  Bertrand  ocular,  described  later. 

The  mfcToscope  which  has  been  briefly  described  Is,  as  stated,  especially  applicable  to 
the  study  of  the  form,  optical  properties,  and  mutunl  relations  of  minerals  as  they  are 
found  in  thin  sections  of  rocks;  it  has  therefore  become  an  important  adjunct  to  geological 
research.     It  can  also  be  used  to  gretit  advantage  in  the  study  of  small  independent  crystals 

♦See  Rosenbusch,  Mikr.  Phys.,  117-130,  1892;  also  Groth,  Phys.  Kryst,  788-756.  1895. 
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and  cnrstalline  sections  or  fragments.  The  more  important  points  to  which  the  attention 
is  to  be  directed,  more  parBcularly  in  the  case  of  minends  in  sections  of  rocks,  are: 
(1)  crystalline  form,  as  shown  in  the  outline;  (2)  direction  of  cleavage-lines;  (8)  refractive 
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index;  (4)  light- absorption  in  different  directious,  i.e.,  dicbroism  or  pleochroism;  (5)  the 
ijiotropic  or  anisotropic  character,  and  if  the  latter,  the  direction  of  the  plaues  of  lipht- 
Tibration — this  will  generally  decide  the  question  ns  to  the  crystalline  system:  (6)  position 
of  the  axial  plane  and  nature  of  thenxial  interference-fijrures;  (7)  the  strength  and  character 
(_u  or  — )  r»f  the  double  refraction;  (S)  inclusions,  solid,  liquid,  or  gaseous  The  explanatioo 
in  reg-ird  to  the  8|>ecial  optical  points  mei»tlone«l  is  deferred  to  Inter  pages. 
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GENERAL  OPTICAL  CHARACTEES  OP  MINERALS. 

331.  There  are  certain  characteristics  belonging  to  all  minerals  alikOi 
crystallized  and  non-crystallized,  in  tlieir  relation  to  light.    These  are: 

1.  Diaphaneity:  depending  on  the  relative  quantity  of  light  transmitted. 

2.  Color:  depending  on  the  kind  of  light  reflected  or  transmitted,  as 
determined  by  the  selective  absorption. 

3.  Luster:  depending  on  the  power  and  manner  of  reflecting  light 

1.  Diaphaneity. 

332.  Degrees  of  Transparency.— The  amount  of  light  transmitted  by  a 
solid  varies  in  intensity,  or,  in  other  words,  more  or  less  lisht  may  be  absorbed 
in  the  passage  through  the  given  substance  (see  Art.  307).  The  amount  of 
absorption  is  a  minimum  in  a  transparent  solid,  as  ice,  while  it  is  greatest  in 
one  which  is  opacjue,  as  iron.  The  following  terms  are  adopted  to  express  tlie 
different  degrees  in  the  power  of  transmitting  light: 

IVansparent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Subtrajisparenty  or  semi-transparent:  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Trnjislucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Subtranslucent :  when  merely  the  edges  transmit  light  or  are  translucent. 

When  no  light  is  transmitted,  even  on  the  thin  edges  of  small  splinters,  the 
mineral  is  said  to  be  opaque.  This  is  properly  only  a  relative  term,  since  no 
substance  fails  to  transmit  some  light,  if  made  sufficiently  thin.  Magnetite  is 
trjinslncent  in  the  Pennsbury  mica.  Even  gold  may  be  beaten  out  so  thin  as 
to  be  translucent,  in  which  case  it  transmits  a  greenish  light. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  every 
degree  from  nearly  perfect  opacity  to  transparency,  and  many  minerals 
present,  in  their  numerous  varieties,  nearly  all  the  different  shades. 

2.  Color. 

333.  Nature  of  Color. — As  briefly  explained  in  Art.  294,  the  sensation  of 
color  depends  alone  upon  the  length  of  the  waves  of  light  which  meet  the  eye, 
if  they  are  all  of  the  same  length.  If  the  light  consists  of  various  wave- 
lengths, it  is  to  the  combined  effect  of  these  that  the  sensation  of  color 
is  due. 

Further,  since  the  light  ordinarily  employed  is  essentially  white  light,  that 
is,  consists  of  all  the  wave-lengths  corresponding  to  the  successive  colors  of  the 
spectrum,  the  color  of  a  body  depends  upon  the  selective  absorption  (see 
Art.  307)  which  it  exerts  upon  the  light  transmitted  or  reflected  by  it. 
A  yellow  mineral,  for  instance,  absorbs  all  the  waves  of  the  spectrum  with  the 
exception  of  those  which  together  give  the  sensation  of  yellow.  In  genenil 
the  color  which  the  eye  perceives  is  the  result  of  the  mixture  of  those  waves 
which  are  not  absorbed. 

All  minerals  may  be  divided  into  two  classes:  (1)  those  whose  color 
belongs  to  the  finest  particles  mechanically  made;  and  (2)  those  whose  color 
in  the  state  of  fine  powder  is  different  from  what  it  is  in  the  mass. 
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To  the  first  class  belong  the  metals  and  many  minerals  having  a  metallic 
luster;  for  instance,  the  powder  of  tlie  black  magnetic  oxide  of  iron,  magnetite, 
is  black;  that  of  hematite,  which,  though  often  black  on  the  surface,  is  red  by 
transmitted  light,  is  red,  and  so  on. 

To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part  of  all 
minerals  having  an  unmetallic  luster.  With  them  the  color  is  often  quite 
une^^sential,  being  generally  due  to  small  admixtures  of  some  metallic  oxide, 
to  some  carbon  compound,  or  to  some  foreign  substance  in  a  finely  divided 
>tate.  With  most  of  these,  the  fine  powder  is  either  white  or  light-colored ;  for 
^^xample,  the  streak  (Art.  334)  of  black,  greeuy  red,  and  blue  tourmaline  varies 
.itcle  from  white, 

334.  Streak. — The  color  of  the  powder  of  a  mineral  as  obtained  by  scratching 
:\\e  surface  of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  hard, 
:»y  rubbing  it  on  an  unpolished  porcelain  surface,  is  called  the  streak.  It  is 
«/t)vious  from  the  distinctions  stated  above  that  the  streak  is  often  a  very 
important  quality  in  distinguishing  minerals.  This  is  especially  true  with 
minerals  of  the  first  class  mentioned  above,  that  is,  those  with  metallic  luster, 
as  defined  in  Art.  338. 

335.  Dichroism;  Pleochroism. — The  selective  absorption,  to  which  the  color 
of  a  mineral  is  du%  more  especially  by  transmitted  light,  varies  according  to 
the  molecular  structure  of  the  crystals.  It  is  hence  one  of  the  special  optical 
characters  depending  upon  the  crystallization,  which  are  discussed  later. 
Here  belong  dichroism  or  pleochroism,  the  property  of  exhibiting  different 
colors  in  different  directions  by  transmitted  light.  This  subject  is  explained 
further  in  Arts.  365  and  393. 

336.  .Varieties  of  Color. — The  following  eight  colors  were  selected  by 
Werner  as  fundamental,  to  facilitate  the  employment  of  this  character  in 
the  description  of  minerals:  white^  gray,  black,  blue,  greeyi,  yellow,  red,  and 
brown, 

{a)  The  varieties  of  Metallic  Colors  recognized  are  ns  follows : 
1.  Capper-red:  native  copper. — 2.  Br^nu^yellow :  pyrrhotite. — 8.  Brass  pelUno :  cba1co> 
r'yrite.^-4.  Gold-yellow:  native  gold.— 5.  Silver-tohiie :  native  silver,  less  distinct  in  nrseno- 
pviite.— 6.  Tin-whiU  :  mercury;  cobaliite.— 7.  Lead-gray:  galena,  molybdenite.— 8.  ^^^- 
tjray:  nearly  the  color  of  line-grained  steel  on  a  recent  fmcture;  native  platinum,  and 
paliiuHum. 

kb\  The  following  are  the  varieties  of  Non-metallic  Colors: 

A.  Wnn-E.  1.  Snow-white:  Carrara  marble. — 2.  Reddish  wliite,  8.  Yellowish  wJiiteVkn^^ 
Grayish  white :  all  illustrated  by  some  varieties  of  calcite  and  quartz.— 5.  Greenish  white: 
Uilc— 6.  MiUc  white:  white,  slightly  bluish;  some  chalcedony. 

B.  Gray.  1.  Bluish  gray:  gray,  inclining  to  dirty  blue. — 2.  PearUgray :  gray,  mixed 
^'iih  red  and  blue:  cerargyrite. — '<A.  Smoke-gray:  gray,  with  some  brown ;  flint.— 4.  Green- 
Uhgray:  ^ray,  with  some  green;  cat's-eve;  some  varieties  of  talc. — 5.  Yellowish  gray : 
vjme  varieties  of  compact  limestone. — 6.  Asli-gray :  the  purest  gray  color  ;  zoisite. 

C.  Black.  1.  Grayish  hUick:  black,  mixed  with  gray  (without  green,  brown,  or  blue 
tints) ;  basalt ;  Lydian  stone.- 2.  Velwt'bla4ik :  pure  black  ;  obsidian,  black  tourmaline. — ^8. 
Greenish  hlaek  :  augite.— 4.  Brownish  black  :  brown  coal,  lignite. — ^.  Bluish  black :  black 
cobalt. 

D.  Blue.  1.  Blackish  blue:  dark  varieties  of  azurite. — 2.  Azure-blue:  a  clear  shade  of 
bright  blue;  pale  varieties  of  azurite,  bright  varieties  of  lazulite.— 8.  Violet-blue:  blue, 
mixed  with  rea  ;  amethyst,  fluorite.— 4.  Latenderblue :  blue,  with  some  red  and  much  gray. 
—5  Prussian-blue,  or  Berlin  blue:  pure  blue;  sapphire,  cyanite. — 6.  Smalt-blue:  some 
varieties  of  gypsum.- 7.  IndigoUue:  blue,  with  black  and  green  ;  blue  tourmaline.— 8.  Sky- 
Hue:  pale  blue,  with  a  little  green  ;  it  is  called  mountain-blue  by  painters. 

E.  Green.  1.  Verdigris-green:  green,  inclining  to  blue  ;  some  feldspar  (amazon-stone). 
—2.  Celandine-green :  green,  with  blue  and  gray  ;  some  varieties  of  talc  and  beryl.  It  is  the 
color  of  the  leaves  of  the  celandine  (Chelidonium  majus). — 8.  Mountain-green :  green,  with 
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much  blue ;  ber7l.^4.  Leei^ffreen:  green,  with  some  brown ;  the  color  of  leaves  of  garlic: 
distinctly  seen  in  prase,  a  variety  of  quartz.— 5.  Bmerald-green :  pure  deep  green  ;  emerald. 
— 6.  AppUgreen :  light  green  with  some  yellow  ;  chrysoprase.— 7.  Orau-green  :  biu^iii 
ereeu,  with  more  yeUow  ;  green  diiillage.— 8.  PUtachio-green :  yellowish  green,  with  some 
brown;  epidote.— -9.  Aiparagtu-gr^en :  pale  green,  wiih  much  yellow;  aspuragus  stimt 
(upaiite). — 10.  BlackWi  green :  serpentlne.~ll.  Olive  green:  dark  green,  with  much  brown 
and  yellow;  chrysolite.— 12.  Oil-green:  the  color  of  olive-oil;  beryl,  pitchstoue.— l^i. 
Siekin^green :  light  green,  much  inclining  to  yellow  ;  urauite. 

F.  Yellow.  1.  Sulphur  yellow :  sulphur.— 2.  Strauhyelloto :  pale  yellow;  topaz.— 3. 
WaxyelUno :  grayish  yellow  with  some  brown  ;  blende,  opal. — 4.  Honey-yellow:  yeilow, 
with  some  red  and  brown  ;  calcite. — 5.  Lemon-yellow :  sulphur,  orpiment. — 6.  Oeher-yellon: 
yellow,  wiih  brown  ;  yellow  ocher.— 7.  Wine-yellow:  topaz  and  Huorite. — 8.  Oream-yeUoic : 
some  varieties  of  lithomarge. — 9.  Orange-yellow :  orpiment. 

G.  Red.  1.  Aurora-red:  red,  with  much  yellow;  some  realgar. — 2.  Hyaeinth-red :  red. 
with  yellow  and  some  brown  ;  hyacinth  garnet. — 3.  Brick-red:  polyhalite,  some  jasper. — 4. 
SearUt-red:  bright  red,  with  a  tinge  of  yellow;  cinnabar. — 5.  Blood-red:  dark  red,  wiih 
some  yellow  ;  pyrope.— 6.  FUefi-red:  feldspar. — 7.  Carmine-red:  pure  red;  ruby  sapphire. 
—8.  Hoae-red:  rose  quartz.— 9.  CrimMn-red:  ruby. — 10.  Peachblossom-red :  red,  with  white 
and  gray ;  lepidolite. — 11.  Columbine-red :  deep  red,  with  some  blue ;  garnet. — 12.  Cfiern^- 
red :  dark  red,  with  some  blue  and  brown  ;  spinel,  some  jasper. — 13.  Brownish-red :  jasper, 
limonite. 

H.  Brown.  1.  Beddieh  brown :  garnet,  zircon.— 2.  Clow-brown:  brown,  with  red  and 
some  blue;  azinite. — 8.  Hair-brown:  wood  opal.— 4.  Broceoli-brown :  brown,  with  blue. 
red.  and  gitiy  ;  zircon.— 6.  Cheeinut-brown :  pure  brown.— 6.  T^lowieh  brown  :  jasper.— 7. 
Pi/wJibech-hrown :  yellowish-brown,  with  a  metallic  or  metal lic-l)early  luster  ;  several 
viiricties  of  talc,  bronzlte. — 8.  Wood-brown :  color  of  old  wood  nearly  rotten ;  some  speci- 
mens of  asbestus.— 9.  Liver-brown:  brown,  with  some  gray  and  green  ;  jasper. — 10.  BlacJc- 
i»h  brown :  bituminous  coal,  brown  coal. 

3.  Luster. 

337.  Nature  of  Luster. — The  luster  of  minerals  varies  with  the  nature  of 
their  surfaces.  A  variation  in  the  quantity  of  light  reflected  produces  different 
degrees  of  intensity  of  luster;  a  variation  in  the  nature  of  the  reflecting  sur- 
face produces  different  kinds  of  luster. 

338.  Kinds  of  Luster. — The  kinds  of  luster  recognized  are  as  follows: 

1.  Metallic:  the  hister  of  the  metals,  as  of  gold,  copper,  iron,  tin. 

In  general,  a  mineral  is  not  said  to  have  metallic  luster  unless  it  is  opaqne 
in  the  mineralogical  sense,  that  is,  it  transmits  no  light  on  the  edges  of  thin 
splinters.  Some  minerals  have  varieties  with  metallic  and  others  with  unmetal- 
lic  luster;  this  is  true  of  hematite. 

Imperfect  metallic  luster  is  expressed  by  the  term  sub-metallic,  as  illustrated 
by  columbite,  wolframite.     Other  kinds  of  luster  are  described  briefly  as 
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2.  Adamantine :  the  luster  of  the  diamond.  When  also  sub-metallic,  it  is 
termed  metallic-adamantine,  as  cerussite,  pyrargyrite. 

Adamantine  luster  belongs  to  substances  of  high  refractive  index.  This 
may  be  connected  with  their  relatively  great  density  (and  hardness),  as  with  the 
diamond,  also  corundum,  etc.;  or  because  they  contain  heavy  molecules,  thus 
most  compounds  of  lead,  not  metallic  in  luster,  have  a  high  refractive  index 
and  an  adamantine  luster. 

3.  Vitreous:  the  luster  of  broken  glass.  An  imperfectly  vitreous  luster  is 
termed  suh-vitreous.  The  vitreous  and  sub-vitreous  lusters  are  the  most  com- 
mon in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  eminent 
degree  ;  calcite,  often  the  latter. 

4.  Resinous :  luster  of  the  yellow  resins,  as  opal,  and  some  yellow  varieties 
of  sphalerite. 
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5.  Oreasy  :  luster  of  oily  giass.  This  is  near  resinous  luster,  but  is  of teu 
quite  distinct,  as  elseolite. 

6.  Pearly:  like  pearl,  as  tuic^  bnicite,  stilbite,  etc.  When  united  with  sub- 
metallic,  as  in  hypersthene,  the  term  metalJic-penrhi  is  used. 

Pearly  luster  belongs  to  the  light  reflected  from  a  pile  of  thin  glass-plates; 
similarly  it  is  exhibited  by  minerals,  which,  having  a  perfect  cleavage,  may  be 
partially  separated  into  successive  plates,  as  on  the  basal  plane  of  apopbyllite. 
It  is  also  shown  for  a  like  reason  by  foliated  minerals,  as  talc  and  brucite. 

7.  Silky :  like  silk  ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous  cal- 
cite,  fibrous  gypsum. 

The  different  degrees  and  kinds  of  luster  are  often  exhibited  differently  by 
unlike  faces  of  the  same  crystal,  but  always  similarly  by  like  faces.  The  lateral 
faces  of  a  right  square  prism  may  thus  differ  from  a  terminal,  and  in  the  right 
rectangular  prism  the  lateral  faces  also  may  differ  from  one  another.  Foi 
example,  the  basal  plane  of  apopbyllite  has  a  pearly  luster  wanting  in  the  pris- 
matic faces,  they  haying  a  vi  tree  as  luster. 

As  shown  by  Hnidinger,  only  viincus,  udainaniine,  and  metallic  luster  belong  to  faces 
perfectly  smooth  and  pure.  lu  the  first,  the  refractive  iudex  cf  the  mineral  is  1-8-1  8 ;  in 
the  second,  1 '9*2*5;  in  the  third,  uhcut  2*5.  The  true  difference  between  mettillic  and 
vitreous  luster  is  due  to  the  effect  which  the  different  surfaces  have  upon  the  reflected  light; 
in  general,  the  luster  is  produced  by  the  union  of  two  simultaoeous  impressions  made  upon 
tlie  eye.  If  the  light  reflected  from  a  metallic  surface  I  e  examined  by  a  nicol  prism  (or  the 
dichroscope  of  Haidiueer,  Art.  866),  it  will  be  found  that  both  rays,  that  vibrating  in  the 
plane  of  incidence  and  that  whose  vibrations  are  normal  to  it,  are  alike,  each  having  the 
color  of  the  material,  only  differing  a  little  in  brilliancy ;  on  the  contrary,  of  the  light 
reflected  by  a  vitreous  substance,  those  rnvs  whose  vibrations  are  at  right  angles  to  ih« 
plane  of  incidence  are  more  or  less  polarized,  and  are  colorless,  while  those  whose  vibrations 
are  in  this  plane,  having  penetrated  somewhat  into  the  medium  and  suffered  some  absorp- 
tion, show  the  color  of  the  s'lbstance  itself.  A  plate  of  red  glass  thus  examined  will  show 
a  colorless  and  a  red  image.     Adamantine  luster  occupies  a  position  between  the  others. 

339.  Degrees  of  Luster. — The  degrees  of  intensity  of  luster  are  denominated 
as  follows: 

1.  Splendent :  reflecting  with  "crllliancy  and  giving  well-defined  images,  as 
hematite,  cassiterite. 

2.  Shining :  producing  an  image  by  reflection,  but  not  one  well-defined,  as 
celestite. 

3.  Glistening:  affording  a  general  reflection  from  the  surface,  but  no 
image,  as  talc,  chalcopyrite. 

4.  Glimmering :  affording  imperfect  reflection,  and  apparently  from  points 
over  the  surface,  as  flint,  chalcedony. 

A  mineral  is  said  to  be  dull  when  there  is  a  total  absence  of  luster,  as  chalk, 
the  ochers,  kaolin. 

340.  Play  of  Colors.  Opalescence.  Iridescence.— The  term  play  of  colors  is 
used  to  describe  the  appearance  of  several  prismatic  colors  in  rapid  succession 
on  turning  the  mineral.  This  property  belongs  in  perfection  to  the  diamond, 
in  which  it  is  due  to  its  high  dispersive  power.  It  is  also  observed  in  precious 
opal,  where  it  is  explained  on  the  principle  of  interference;  in  this  case  it  is 
most  brilliant  by  candle-light. 

The  expression  change  of  colors  is  used  when  each  particular  color  appears 
to  pervade  a  larger  space  than  in  the  play  of  colors  and  the  succession 
produced  by  turning  the  mineral  is  less  rapid.  This  is  shown  in  labradorite. 
as  explained  under  that  species. 

Opalescence  is  a  milky  or  pearly  rcuection  irom  the  interior  of  a  specimen. 
Observed  in  some  opal,  and  in  catVeye. 
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Iridescence  means  the  exhibition  of  prismatic  colors  in  the  interior  or  on 
the  surface  of  a  mineral.  The  phenomena  of  the  play  of  colors,  iridescence, 
etc.,  are  sometimes  to  be  explained  by  the  presence  of  minute  foreign  crystals, 
in  parallel  positions;  more  generally,  however,  they  are  caused  by  the  presence 
of  fine  cleavage-lamellffi,  in  the  light  reflected  from  which  interference  takes' 
place,  analogous  to  the  well-known  Newton's  rings  (see  Art.  313). 

341.  Tarnish — A  metallic  surface  is  tarnished  when  its  color  differs  from 
that  obtained  by  fracture,  as  is  the  case  with  specimens  of  bornite.  A  surfuie 
possesses  the  steel  tarnish  when  it  presents  the  superficial  blue  color  cf 
tempered  steel,  as  columbite.  The  tarnish  is  irised  when  it  exhibits  fixt'l 
prismatic  colors,  as  is  common  with  the  hematite  of  Elba.  These  tarnish  and 
iris  colors  of  minerals  are  owing  to  a  thin  surface  or  film,  proceeding  from 
different  sources,  either  from  a  change  in  the  surface  of  the  mineral  or  from 
foreign  incrustation;  hydrated  iron  oxide,  usually  formed  from  pyrite,  is  one 
of  the  most  common  sources  of  it,  and  produces  the  colors  on  anthracite  and 
hematite. 

342.  Asterism. — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals.  This  is  seen  by  reflected 
light  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also  well  shown  hy 
transmitted  light  (as  of  a  small  flame)  with  the  phlogopite  mica  from  South 
Burgess,  Canada.  In  the  former  case  it  is  explained  by  the  presence  of  thiu 
twinning-lamellae  symmetrically  arranged.  In  the  other  case  it  is  due  to  the 
preseuce  of  minute  inclosed  crystals,  also  symmetrically  arranged,  which  are 
probably  rutile  or  tourmaline  in  most  cases.  Crystalline  faces  which  iiave 
been  artificially  etched  also  sometimes  exhibit  asterism.  The  peculiar  light- 
figures  sometimes  observed  in  reflected  light  on  the  faces  of  crystals,  either 
natural  or  etched,  are  of  similar  nature. 

343.  Sohillerization. — The  general  term  schiller  (from  the  German)  is 
applied  to  the  peculiar  luster,  sometimes  nearly  metallic,  observed  in  definite 
directions  in  certain  minerals,  as  conspicuously  in  schiller-spar  (an  altered 
variety  of  bronzite),  also  in  diallage,  hypersthene,  sunstone,  and  others.  It  is 
explained  by  the  reflection  either  from  minute  inclosed  plates  in  parallel 
position  or  from  the  surfaces  of  minute  cavities  (negative  crystals)  having  a 
common  orientation.  In  many  cases  it  is  due  to  alteration  which  has 
developed  these  bodies  (or  the  cavities)  in  the  direction  of  solution-planes 
(see  Art.  264).  The  process  by  which  it  has  been  produced  is  then  called 
schillerization, 

344.  Flaoresoenca. — The  emission  of  light  from  within  a  substance  while 
it  is  being  exposed  to  direct  radiation,  or  in  certain  cases  to  an  electrical  dis- 
charge in  a  vacuum  tube,  is  CdW&di  fluorescence.  It  is  best  exhibited  by  fluorite. 
from  which  the  phenomenon  gained  its  name.  Thus,  if  a  beam  of  white  light 
be  passed  through  a  cube  of  colorless  fluorite  a  delicate  violet  color  is  called 
out  in  its  path.  This  effect  is  chiefly  due  to  the  action  of  the  ultra-violet 
rays,  and  is  connected  with  a  change  of  refrangibility  in  the  transmitted 
light. 

The  electrical  discharge  from  the  negative  pole  of  a  vacuum  tube  calls  out 
a  brilliant  fluorescence  not  only  with  the  diamond,  the  ruby,  and  many  gems, 
but  also  with  calcite  and  other  minerals.  Such  substances  may  continue  to 
emit  light,  or  phosphoresce^  after  the  discharge  ceases. 

345.  Phosphoretcenoe. — The  continued  emission  of  light  by  a  substance 
(not  incandescent)  produced  especially  after  heating,  exposure  to  light  or  to 
An  electrical  discharge,  is  called  phosphorescence. 
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Fluorite  becomes  highly  phosphorescent  after  being  heated  to  about 
150°  C.  Different  varieties  ffive  off  light  of  different  colors;  the  chlorophane 
Tariety,  an  emerald -green  light;  others  purple,  blue,  and  reddish  tints.  This 
phosphorescence  maybe  observed  in  a  dark  place  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  It  is  even  called  out  by  a  sharp  blow  with  a 
hammer.  Some  varieties  of  white  limestone  or  marble,  after  slight  heating, 
emit  a  yellow  light;  so  also  tremolite,  danburite,  and  other  species. 

By  the  application  of  heat  minerals  lose  their  phosphorescent  properties. 
But  on  passing  electricity  through  the  calcined  mineral  a  more  or  less  vivid 
light  is  produced  at  the  time  of  the  discharge,  and  subseouently  the  specimen 
when  heated  will  often  emit  light  as  before.  The  light  is  usually  of  the 
same  color  as  previous  to  calcination,  but  occasionally  is  quite  different.  It  is 
in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of 
fluorite  it  may  be  nearly  or  quite  restored  to  its  former  brilliancy.  It  has 
also  been  found  that  some  varieties  of  ffuorite,  and  some  specimens  of  diamond^ 
calcite,  and  apatite,  which  are  not  naturally  phosphorescent,  may  be  rendered 
60  by  means  of  electricity.  Electricity  will  also  increase  the  natural  intensity 
of  the  phosphorescent  light. 

Exposure  to  the  light  of  the  sun  produces  very  apparent  phosphorescence 
with  many  diamonds,  but  some  specimens  seem  to  be  destitute  of  this  power. 
Tliis  property  is  most  striking  after  exposure  to  the  blue  rays  of  the  spectrum^ 
while  in  the  red  rays  it  is  rapidly  lost. 
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SPECIAL  OPTICAL  CHARACTERS  BELONGING  TO  CRYSTALS 
OF  THE  DIFFERENT  SYSTEMS. 

846,  All  cryst  lized  minerals  may  be  grouped  into  three  grand  classes, 
which  mre  distingiiished  by  their  physical  properties,  as  well  as  their 
geometrical  form.     These  three  classes  are  as  follows: 

A.  Isometric  claiS,  embracing  crystals  of  t&e  isometric  system^  which  are 
referred  to  three  eq»jal  rectangular  axes. 

B.  Isodiametric  dIoss^  embracing  crystals  of  the  tetragonal  and  hexagonal 
ffystemSy  referred  t  j  two,  or  three,  equal  lateral  axes  and  a  thirds  or  fourth, 
axis  unequal  to  them  at  right  angles  to  their  plane.  Crystals  of  this  class  have 
a  lixed  principal  axis  of  crystallographic  symmetry. 

0.  Anisometric  class,  embracing  the  crystals  of  the  orthorhombic,  mono- 
clinicy  and  triclinic  systems,  referred  to  three  unequal  axes.  Crystals  of  this 
class  are  without  a  fixed  axis  of  crystallographic  symmetry. 

347.  Isotropic  Crystals. — Of  the  three  classes,  the  isometric  class  includes 
all  crystals  which,  with  respect  to  light  and  related  phenomena  involving  the 
eiher,  are  isotropic;  that  is,  those  which  have  like  optical  properties  in  all 
diroctioi.s.  Specifically,  a  light-wave  is  propagated  in  them  with  the  same 
velocity  in  all  directions,  ani  its  wave-front  is  therefore  a  sphere.  Hence. 
tiipo,  the  sphere  may  be  regarded  as  representing  the  optical  structure  of  an 
isometric  cryetaL  The  geometrical  property  of  the  sphere  that  every  cross- 
section  is  a  diole  owwtPondi  to  the  optioal  property  of  the  isotropic  medium 
in  which  the  Telocity  of  lighfe-piopagatioii  is  the  same  in  every  direction,  for 
this  being  true,  the  medium  must  have  like  properties  of  the  ether  in  any 
plane  normal  to  such  a  line. 

It  must  be  repeated  here,  however,  that  such  a  crystal  is  not  isotropic  with 
reference  to  those  characters  which  depend  directly  upon  the  molecular  struc- 
tare  alone,  as  cohesion  and  elasticity.     (See  Art.  254.) 

Further^  amorphous  bodies,  as  glass  and  opal,  which  are  destitute  of  any 
oriented  molecular  structure—that  is,  those  in  which  all  directions  are  sensibly 
the  aame — are  also  isotropic,  and  not  only  with  reference  to  light,  but  also  as 
regards  their  strictly  molecular  properties. 

348.  Anisotropic  Crystals;  Uniaxial  and  BiaziaL — Crystals  of  the  isodia- 
metric and  ANisoMETRic  CLASSES,  on  the  other  hand,  are  in  distinction  aiii^^o- 
tropic.  Their  optical  properties  are  in  general  unlike  in  different  directions, 
or,  more  particularly,  the  velocity  with  which  light  is  propagated  varies  with 
the  direction. 

Further,  in  crystals  of  the  isodiametric  class  that  variable  property  of  the 
iight-ether  upon  which  the  velocity  of  propagation  depends  remains  constant 
for  all  directions  which  are  normal,  or,  again,  for  all  those  equally  inclined  to 
the  vertical  crystallographic  axis.  In  the  direction  of  this  axis  there  is  no 
double  refraction;  it  is  hence  called  the  optic  axis,  and  the  crystals  of  this 
class  are  said  to  be  uniaxial.  The  optical  structure  of  uniaxial  crystals  can  l>e 
represented  by  a  spheroid,  that  is,  an  ellipsoid  of  revolution  whose  axis  of 
revolution  is  the  optic  axis,  or  axis  of  crystallographic  symmetry.  The  direction 
and  properties  of  this  optic  axis  will  be  seen  to  correspond  to  the  geometric»il 
property  of  the  spheroid,  a  section  of  which  normal  to  this  axis  is  always  a 
circle. 

Crystals  of  the  third  or  anisometric  class  have  more  complex  optical  rela- 
tions requiring  special  explanation,  but  in  general  it  may  be  stated  that  in  them 
there  are  always  two  directions  analogous  in  character  to  the  single  optic  axi:^ 
-spoken  of  above,  hence  these  crystals  are  said  to  be  optically  biaxial.    Further, 
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it  will  be  shown  that  their  optical  structure  may  be  represented  germetncally 
by  an  ellipsoid  with  three  unequal  rectangular  axes.  Every  such  ellipsoid  haa 
two  directions  in  which  it  can  be  cut  yielding  cross- sections  which  are  circlesj 
the  optic  axes  spoken  of  will  be  seen  later  to  be  iicrmal  to  these  planes  aftei' 
the  analogy  of  uniaxial  crystals. 

In  crystals  of  the  orthorhombic  system  the  lixes  of  the  ellipsoid  coincide 
in  direction  with  the  crystallographic  axes.  In  crystals  of  the  monocliuio 
system  one  of  these  ellipsoidal  axes  coincides  with  the  axis  of  crystallographio 
symmetry,  the  other  two  lie  in  the  plane  of  symmetry.  In  crystals  of  the 
triclinic  system  there  is  no  necessary  relation  between  the  position  of  the 
ellipsoidal  axes  and  those  assumed  to  describe  the  crystallographic  form. 

All  of  these  points  require  detailed  discussion,  but  the  above  statements 
will  partially  serve  to  bring  out  the  intimate  connection  between  the  molec- 
ular structure  exhibited  in  the  geometrical  form  and  the  optical  characters 
depending  upon  the  properties  belonging  to  the  light-ether  within  the  crystals 

A.  Isometric  Cbystals. 

349.  It  has  been  stated  that  crystals  of  the  isometric  system  are  optically 
isotropic,  and  hence  light  trayels  with  the  same  velocity  in  every  direction  ia 
them.  Light  can,  therefore,  suffer  only  single  refraction  in  passing  into  an 
isotropic  medium  ;  or,  in  other  words,  there  can  be  but  one  value  of  the 
refractive  index  for  a  given  wave-length.  If  this  be  represented  by  n^  while 
r  is  the  velocity  of  light  in  air  and  v  that  in  the  given  medium,  then 

F  V 

«  =  — ,  or  V  =  — . 

V  n 

The  wave- front  for  light-waves  propagated  from  any  point  within  such"  an 
isotropic  medium  is  a  sphere,  and,  as  already  stated,  this  geometrical  figure 
may  be  taken  as  representing  the  optical  structure  of  an  isometric  crystal. 

This  statement  nolds  true  of  all  the  groups  of  isometric  crystals.  In  other 
words,  a  crystal  of  maximum  symmetry,  as  fluorite,  and  one  having  the 
restricted  symmetry  characteristic  of  the  tetrahedral  or  pyritohedral  divisions, 
have  alike  the  same  isotropic  character.  Two  of  the  groups,  however,  namely 
the  plagihedral  and  the  tetartohedral  groups,  differ  "in  this  particular:  that 
crystals  belonging  to  them  may  exhibit  what  has  already  been  defined  (Art. 
323)  as  circular  polarization. 

350.  Behairior  of  Sections  of  Isometric  Crystals  in  Polarized  Light.— In  con- 
sequence of  their  isotropic  character,  isometric  crystals  exhibit  no  special 
phenomena  in  polarized  light.  Sections  of  transparent  isometric  crystals  may 
be  always  recognized  as  such  by  the  fact  that  they  behave  as  an  amorphous 
substance  in  polarized  light.  In  other  words,  a  section  on  the  stage  of  the 
polariaation-microscope,  when  the  nicols  are  crossed,  appears  dark,  and  a  revo- 
lution of  the  section  in  any  plane  produces  no  change  in  appearance.  Similarly, 
it  appears  light  in  any  position  when  placed  between  parallel  nicols.  Some 
anomalies  are  mentioned  on  a  later  page  (Art.  411). 

The  single  refractive  index  may  be  determined  by  "i  ems  of  a  prism  cut 
with  its  edge  in  any  direction  whatever. 

B.  Ukiaxial  Crystals. 
General   Optical   Relations. 

861.  The  trystallographic  and  optical  relations  oi  crystals  belongings  to 
crystals  of  the  tetragonal  and  hexagonal  systems  have  already  been  briefly 
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summarized  (Art.  348);  it  now  remains  to  deyelop  their  optical  characters  more 
fully.  This  can  be  done  most  simply  by  making  frequent  use  of  the  familiar 
conception  of  a  light-ray  to  represent  the  character  and  motion  of  the  light- 
wave. 

352.  Optic  Axis.  Ordinary  and  Extraordinary  Ray. — The  study  of  a  crystal 
belonging  to  this  class  shows,  in  the  first  place,  that  light-rays  which  pass  in 
the  direction  of  the  vertical  axis  suffer  no  double  refraction.  This  direction  is 
that  called  the  optic  axis.  Since  the  rays  spoken  of  are  propagated  by  vibra- 
tions at  right  angles  to  the  vertical  axis,  that  is,  in  the  plane  of  the  lateral 
crystallographic  axes,  this  observed  fact  proves  that  for  sucn  rays  there  is  but 
one  value  of  the  refractive  index,  and,  further,  that  all  the  lateral  directions 
must  be  identical  so  far  as  those  properties  of  the  ether  are  concerned  upon 
which  the  velocity  of  light  depends. 

On  the  other  hand,  light  which  passes  through  the  crystal  in  any  other 
direction  than  that  of  the  vertical  axis  suffers  double  refraction;  in  other  words, 
it  is  separated  into  two  rays,  which  are  propagated  with  different  velocities. 
This  is  true  (see  Art.  310)  even  when  the  rays  follow  the  same  path,  as  in  the 
case  of  perpendicular  incidence  upon  the  given  face. 

Both  of  these  rays  are  completely  polarized,  and  that  in  planes  at  right 
angles  to  each  other. 

It  is  found,  further,  that  for  one  of  these  two  rays,  namely,  that  propagated 
by  vibrations  normal  to  the  vertical  axis,  there  is  a  constant  value  of  the 
refractive  index,  whatever  its  direction;  moreover,  this  value  follows  the  usual 
law  as  to  the  constant  ratio  between  the  sines  of  the  angles  of  incidence  and 
refraction  (Art.  298).  It  is  hence  called  the  ordinary  ray,  and  the  correspond- 
ing refractive  index  is  uniformly  represented  by  the  letter  go. 

For  the  other  ray,  on  the  other  hand,  it  is  found  that  the  refractive  index 
varies,  and  in  general  it  does  not  obey  the  sine  law.  It  is  hence  called  the 
extraordinary  ray.  Further,  if  the  direction  of  propagation  changes  progres- 
sively from  that  nearly  coinciding  with  the  vertical  axis  to  that  in  the  lateral 
plane  normal  to  it,  it  is  found  that  the  value  of  the  refractive  index  of  the 
extraordinary  ray  deviates  more  and  more  widely  from  the  constant  value  for 
the  ordinary  ray,  and  this  difference  becomes  a  maximum  when  the  former  is 
propagated  in  a  lateral  plane  normal  to  the  vertical  axis,  that  is,  by  transverse 
vibrations  in  the  direction  of  this  axis.  This  last  value  of  the  refractive  index 
is  represented  by  the  letter  e.  These  two  indices,  co  and  e,  are  called  the 
principal  iyidices  of  a  uniaxial  crystal.  A  principal  section  of  a  uniaxial 
crystal  is  a  section  passing  through  the  vertical  axis. 

353.  Positive  and  Negative  Crystals. — Uniaxial  crystals  are  divided  into 
.two  classes.     Those  in  which  the  refractive  index  of  the  extraordinary  ray,  e,  is 

greater  than  that  of  the  ordinary  ray,  co,  are  c^Wq^  positive.  This  is  illustrated 
by  quartz  for  which  (for  yellow  sodium  light): 

GJ  =  1-544.  e  =  1-553. 

On  the  other  hand,  if  go  is  greater  than  e,  the  crystal  is  said  to  be  negative, 
Calcite  is  an  example,  for  which  (for  sodium  light) : 

GO  =  1-658.  €  =  1-486. 

Other  examples  are  given  later  (Art  856). 

354.  Wave-surface.— Remembering  that  the  velocity  of  light-propagation 
is  always  inversely  proportional  to  the  corresponding  refractive  index,  it  is 
obvious  that  the  velocity  of  the  ordinary  ray  for  all  directions  in  a  uniaxial 
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In  other 


crjsta}  mnst  be  the  same,  being  uniformly  proportional  to 

words,  the  ware-front  of  the  ordinary  ray  must  be  a  sphere. 

For  the  extraordinary  ray,  however,  the  velocity  varies  with  the  direction, 

being  proportional  to  -  in  a  lateral  direction  and  becoming  sensible  equal 


to  —  when  nearly  coincident  with  the  direction  of  the  vertical  axis. 


The 


law  of  the  varying  change  of  velocity  between  these  values,  —  and  —  is  given 

by  an  ellipse  whose  axes  (OC,  0-4,  Figs.  518, 619)  are  respectively  proportional 
to  the  above  values. 

618.  619. 

c 


00  :  0-4  =  -  :  -  =  €  :  (». 

GO      € 

This  law,  suggested  by  Huygens,  has  since  been  verified  by  accurate 
experiments  by  several  observers  for  typical  substances,  as  calcite  and  soda 
niter;  hence  it  is  accepted  without  question  as  a  law  of  nature.  The  wave- 
front  of  the  extraordinary  ray  is  then  a  spheroid,  or  an  ellipsoid  of  revolution 
whose  axis  coincides  with  the  vertical  crystallographic  axis,  that  is,  the  optical 
nxis.  lu  tlie  direction  of  the  vertical  axis  it  is  obvious  that  the  two  wave- 
fronts  coincide. 

620.  621. 


Negative  crystal,  09  >  e  Positive  crystal,  6  >  00. 

Figures  520  and  521  represent  yertical  sections  of  the  combined  wave- 
surfaces  for  both  rays.    Fig.  520  gives  that  for  a  negative  crystal  like  calcite 


196 


PHYSICAL  MINERALOGY. 


(a?  >  €);  Fig.  521  that  of  s  positive  crystal  like  quartz  (e  >  go).    Fig.  522  ia 
i^Q^  an  attempt  to  show  the  relations  of  the  two 

wave-fronts  of  a  negative  crystal  in  perspective.* 
The  constant  value  of  the  velocity  of  the  ordinary 

ray    f  -  j,  whatever  its  direction  in  this  plane,  is 

expressed  by  the  radius  of  the  circle  (=  O('). 
On  the  other  hand,  the  velocity  of  the  extra- 
ordinary ray  in   the  lateral  direction  is  given 

by  OA(-j,  while  in  a  direction  as  Osr,  Fig.  520 

{Ors,  Fig.  521),  it  is  expressed  by  the  length  of 

this  line,  becoming  more  and  more  nearly  equal  to  OCl—j  as  its  direction 

approaches  that  of  the  vertical  axis. 

866.  Indicatrix.— It  will  now  be  understood  what  was  meant  by  the  state- 
ment in  Art.  348  that  the  optical  structure  of  a  uniaxial  crystal  may  be 
represented  by  an  ellipsoid  of  revolution,  and  it  is  further  obvious  that  the 
ratio  between  the  axes  of  this  ellipsoid  must  be  as  already  given : 

1      1 


OC: OA  = 


CO 


-,    or 


CO. 


623. 


It  has  been  shown  by  Fletcher  f  that  this  ellipsoid,  called  by  him  the 
indicatrix,  may  be  taken  to  represent  the 
optical  characters  of  both  rays  without  refer- 
ence to  the  wave-surface,  since  it  can  be  proved 
geometrically  J  that  for  a  given  direction,  as  Or, 
the  velocity  of  the  extraordinary  ray  is  expressed 
not  only  by  Or  but  also  by  the  inverse  oi  the 
normal  upon  it  from  the  point  R  (determined 

1 


by  the  tangents  to  the  ellipse),  that  is,  by 


RN' 


also  this  normal  fixes  the  plane  of  polarization 
which  is  perpendicular  to  RN,  Further,  the 
velocity  of  the  ordinary  ray,  having  the  same 
direction  (cf.  p.  195),  is  expressed  by  the  inverse 
of  the  second  normal  upon  the  same  line,  that 

is,  -— ,  since  this  normal  is  always  in  the  equatorial  plane,  the  section  of  which 

is  a  circle.    Fig.  523  shows  the  form  of  the  indicatrix  for  a  negative  crystal 

*  Figs.  522  and  588  are  taken  from  MuUer-Pouillet's  Lehrbuch  der  Physik. 
t  The  Optical  IndicatHx  and  the  Transmission  of  Light  in  Crystals,  by  L.  Fletcher, 
London,  1892. 

JThis  follows,  from  the  property  of  the  ellipse  in  general,  since  the  parallelogram 


ORVr  =  OA.OC,  that  is,  RKOr  ^OA.OC  and  Or  = 


OA.OO 


Constant 


RN    '         •  -'  -       nji 

In  other  words,  the  velocity  of  the  extraordinary  ray  («f)  varies  inversely  as  ^^ 

Similarly,  Vm  is  represented  by  Ort,  that  is,  in  the  indicatrix  by 

1    /  ,        ^  ^-       OA.OC      ConstantV 

^(since  Or,:=OC=  -^^  =  -^^). 
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Kke  calcite  (o?  >  e);  that  for  a  positive  crystal,  like  quartz  (e  >  co)  would  be 
a  prolate  spheroid. 

356.  Examples  of  Posltiye  and  Negatiye  Cryitals.— The  following  listfj  give  prominent 
pasitive  and  negative  uniaxial  crystals,  wilh  the  values  of  the  refractive  Indices,  oo  iiud  e, 
foreiich.  corresponding  to  yellow  sodium  light.*  The  difference  between  these,  go — e  or 
e-w,  is  also  given;  this  measures  the  birefringence  or  strength  of  the  double  refrnction. 

It  may  be  remarked  that  in  some  species  both  -f  and  —  varieties  have  been  observed. 
Certain  crystals  of  apopbyllite  are  positive  for  one  end  of  the  spectrum  and  negative  for 
the  other,  and  consequently  for  some  color  between  the  two  extremes  it  has  no  double 
refraction.  The  same  la  true  for  some  other  species  (e,g,,  chabazite)  of  weak  double 
refraction.  It  is  to  be  noted  also  that  while  eudialyte  is  positive,  the  related  eucolite  is 
negative. 

Negative  Crtstalb. 

09  €  00—6 

Proustite 8  0877  27934  02958 

Calcite 16585  1-4863  01722 

Tourmaline 16897         *  16208  00189 

Corundum 17675  1*7592  00088 

Beryl 15894  15821  00078 

Nephelite 15416  1*5376  00040 

Apatite 1-6461  1*6417  0*0084 

Yesuvianite. 1  -7285  1  -7226  00009 

PosmVB  CRYBTAI.S. 

<0  €  €  —  00 

Rutile 2-6158  2*9029  0  2871 

Cassiterite 1*9966  20984  0*0968 

Zircon 1-9318  1*9931  00618 

Phenacite 1*6540  1-6697  00157 

Brucite 1*5690  1*5795  0  0205 

Quartz 1*6442  1*5683  00091 

Apophyllite 1*5887  1*5356  0  0019 

Leucite 1-508  1*509  0001 

Examination  of  Uniaxial  Crystals  tn  Polarized  Light, 

357.  Section  Nonnal  to  the  Axis  in  Parallel  Polarized  Light.— Suppose  a 
section  of  a  uniaxial  crystal  to  be  cut  perpendicular  to  the  vertical  axis.  It 
has  already  been  shown  that  light  passing  through  the  crystal  in  this  direction 
Buffers  no  double  refraction ;  consequently,  such  a  section  examined  in  parallel 
polarized  light  in  the  instrument  called  an  orthoscope  (Fig.  515),  or  in  the 
polarization-microscope  (Figs.  516,  517),  behaves  as  a  section  of  an  isometric 
crystal,  or  of  an  amorphous  substance.  If  the  nicols  are  crossed  it  appears 
dark,  and  remains  so  when  revolved. 

358.  Section  Parallel  to  the  Axis. — A  section  cut  parallel  to  the  vertical 
axis,  as  already  explained,  has  two  directions  of  light-vibration,  one  parallel 
to  this  axis  and  the  other  at  right  angles  to  it.  A  ray  of  ordinary  light  falling 
upon  such  a  section  at  right  angles  is  divided  into  the  two  rays.,  ordinary  and 
extraordinary,  which,  however,  in  this  special  case  of  perpendicular  incidence 
travel  on  in  the  same  path  through  the  crystal,  but  one  of  them  retarded 
relatively  to  the  other.  In  parallel  polarized  light  between  crossed  nicols 
such  a  section  will  appear  dark  if  the  directions  of  its  two  vibration-j)lanes 
coincide  with  the  vibration-planes  of  the  nicols.    Thus  in  Fig.  524,  A  A  \)q\\\% 

♦  For  authorities,  see  Diina's  System,  1892.  For  corundum  and  brucite  the  values  of 
QOr  and  €r  are  given. 
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the  vibration-plane  of  the  lower  nicol  (polarizer)  and  BB  of  the  upper  nicol 
(analyzer)^  the  light  that  has  passed  through  the  polarizer  has  its  vibrations 
limited  to  the  plane  AA\  these^  therefore,  pass  through  the  section  abed,  but 
they  are  arrested  or  extinguished  by  the  second  nicol.  The  same  will  be  true 
if  the  section  is  turned  at  right  angles  to  the  first  position,  that  is,  into  the 
position  a'Vc'd'y  represented  by  the  dotted  lines. 

If  the  section  stand  obliquely,  as  abed  in  Fig.  525,  it  will  appear  light 
to  the  eye  (and  usually  colored).     For  the  vibrations  parallel  to  AA  that  have 
634.  626. 


B 


v,4 

passed  through  the  polarizer  have  upon  resolution  a  component  in  the  direc- 
tion of  each  of  the  vibration-planes  of  the  section.  Again,  each  of  these 
components  can  be  resolved  along  the  direction  of  the  vibration-plane  of  the 
upper  nicol,  BB,  Therefore,  two  rays  will  emerge  from  the  analyzer,  both 
having  the  same  vibration-plane,  but  one  more  or  less  retarded  with  reference 
to  the  other,  the  amount  of  retardation  increasing  with  the  birefringence  and 
the  thickness  of  the  section.  In  general,  therefore,  these  rays  will  interfere, 
and  if  the  thickness  of  the  section  is  suflScient  (and  not  too  great)  it  will 
appear  colored  in  white  light  and,  supposing  the  thickness  uniform,  of  the 
same  color  throughout. 

Any  section  whatever  of  a  uniaxial  crystal  appears  dark  between  crossed 
nicols  if  its  principal  section  (Art.  362)  coincides  with  the  vibration-plane  of 
either  nicol. 

359.  Color  of  a  Section  in  Parallel  Polarized  Light.  Birefringenoe.^The 
interference-color  of  a  section  under  examination  depends  (Art.  320)  upon  its 
thickness  and  upon  the  birefringence;  this  birefringence  has  a  maximum 
value,  equal  to  cw  —  e  or  e  —  o?,  if  the  section  is  cut  parallel  to  the  optic  axis 
{i..e,.  II  6). 

The  following  table*  gives  the  thickness  (in  millimeters)  of  sections  of  a 
few  uniaxial  crystals  which  yield  red  of  the  first  order: 

Birefringence  Thickness  in 

(flo  —  -)  or  (e  —  Qo),  Millimeters. 

Rutile 6-287  0-0019 

Calcite 0-172  00032 

Zircon 0062  0  0089 

Tourmaline  0-023  00240 

Quartz 0  009  00612 

Nephelite 0-004  01377 

Leucite 0-001  0-5510 


*8ee  further.  Rosenbusch  (Mikr    Phys.  Miu., 
taken.     Compare  also  remarks  made  in  Art.  820. 


1892,  p.  166),  from  whom  these   are 
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Again,  as  anotber  example,  it  may  be  noted  that  witb  zircon  (e  —  00  =  0  063),  a  thickness 
of  about  0009  mm  gives  red  of  the  first  order;  of  0  017  red  of  tbe  second  order;  of  0026 
red  of  tbe  third  order. 

The  methods  ordinarily  used  to  deteimine  the  birefringence  of  a  section  (not  ±  ^)  of  a 
uniaxial  crystal,  as  also  to  fix  the  relative  value  of  its  two  vibration-directions,  are  tbe  same 
.1$  ibose  employed  for  biaxial  oysttils,  and  the  discussion  of  them  is  postponed  to  a  later 
I'uge  (An.  884). 

360.  Uniaxial  Interferenoe-flgnre. — If  an  axial  section,  that  is,  one  cut 
normal  to  the  vertical  axis  d,  of  suitable  thickness,  be  viewed  in  converging 
polarized  light  in  a  polariscope,  e.g.,  the  conoscope  (Art.  827,  Fig.  514),  or  the 
tourmaline  tongs  (Fig.  513),  or  again  in  the  microscope  *  arranged  for  the 
purpose,  it  no  longer  appears  dark.  On  the  contrary,  a  beautiful  phenomenon 
is  observed :  a  symmetrical  black  cross — when  the  nicols  or  tourmaline  plates 
lire  crossed — with  a  series  of  concentric  rings,  dark  and  light  in  monochromatic 
l:;^ht,  but  in  white  light  showing  the  prismatic  colors  in  succession  in  each 
ring.  This  is  represented  without  the  colors  in  Fig.  526,  and  with  the  colors 
ill  Fig.  1  of  the  plate  forming  the  frontispiece  to  this  volume. 

This  cross  becomes  white  when  the  nicols  or  tourmalines  are  in  a  parallel 
position,  and  each  band  of  color  in  white  light  changes  to  its  complementary 
tint  (cf.  Fig.  527).  These  interference-figures,  seen  f  in  this  form  only  in  a 
plate  cut  perpendicular  to  the  vertical  axis,  mark  the  uniaxial  character  of 
the  crystal. 

The  explanation  of  this  phenomenon,  so  far  as  it  can  be  given  in  a  brief 
statement,  is  as  follows:  All  the  rays  of  light  perpendicular  to  the  plane  of 
the  section,  that  is,  those  whose  vibrations  coincide  sensibly  with  the  vibration- 
planes  of  either  of  the  crossed  nicols,  must  necessarily  be  extinguished.  This 
626.  627. 


gives  rise  to  the  black  cross  in  the  center,  with  its  arms  in  the  direction  of  the 
planes  mentioned.  Obviously  this  cross  will  be  darkest  along  its  central  axis, 
while  it  fades  out  on  the  sides.  All  other  rays  passing  through  the  given  plate 
f'^'liquely  are  doubly  refracted,  and  after  passing  through  the  second  nicol,  thus 
being  referred  to  the  same  plane  of  polarization,  they  interfere,  and  give  rise 

*  After  the  section  is  in  position  on  the  stage,  and    properly  focused,  tbe  eye-piece  is 
removed  and  a  condensing  lens  Inserted  over  tbe  lower  nicol.     It  is  important  to  use  a 
relatively  bigb-power  cDjCctive.    It  is  also  possible  to  see  axial  figures  without  removing 
I  he  eye-piece  by  using  a  magnifying  glass  above  tbe  latter.     Cf.  Klein.  Jb.  Min.,  Bell  -Bd 
3.  540,  1885;  also  Bertrand.  Bull.  Soc.  Min..  1,  22,  96,  1878;  3.  97,  1880. 

t  Uniaxial  crystals  which  produce  circular  polarization  exhibit  an  axial  interference- 
figure  (Fig.  2  of  tbe  plnte  referred  to  above)  which  differs  somewhnt  from  that  described, 
as  noted  in  Art.  866.    Some  anomalies  are  mentioned  later.    (Art.  411.) 
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to  a  series  of  concentric  rings,  light  and  dark  in  monochromatic  light,  but  in 
ordinary  light  showing  the  successive  colors  of  the  spectrum.  The  phenomenon 
is  closely  analogous  to  that  of  the  Newton's  rings  mentioned  in  Art.  313.  A 
cone  of  converging  rays  passes  through  the  crystal  and,  having  traversed  the 
second  nicol,  each  is  divided  into  two  rays  with  common  vibration -planes,  but 
one  of  them  (the  ordinary  ray  in  positive  crystals)  slightly  retarded  with 
reference  to  the  other.  When  the  amount  of  retardation  is  equal  to  a 
wave-length  (supposing  monochromatic  light  to  be  employed)  the  effect  of  the 
interference  is  to  destroy  the  light  and  the  plane  section  of  the  cone,  or  circle, 
appears  dark.  Other  dark  rings  are  seen  at  distances  which  correspond  to  a 
retardation  of  |,  f ,  j,  etc.,  of  a  wave-length.  If,  however,  the  retardation 
amounts  to  a  whole  wave-length  or  any  multiple  of  this,  the  two  rays  unite  to 
strengthen  each  other  and  give  rise  to  a  light  ring.  If  ordinary  white  light  is 
employed,  the  relations  are  similar  but  the  retardation  cones  overlap  because 
of  the  different  \alues  of  the  refractive  indices  {i.e.,  velocities)  for  the  different 
wave-lengths,  and  the  series  of  colored  circles  is  the  result. 

The  distance  of  each  successive  ring  from  the  center  obviously  depends 
upon  the  birefringence,  or  the  difference  between  the  refractive  indices  for 
the  ordinary  and  extraordinary  ray,  and  also  upon  the  thickness  of  the  plate. 
The  stronger  the  double  refraction  and  the  thicker  the  plate,  the  smaller  the 
angle  of  the  light-cone  which  will  give  a  certain  amount  of  retardation,  or, 
in  other  words,  the  nearer  the  circles  will  be  to  the  center.  Further,  for  the 
same  section  the  circles  will  be  nearer  for  blue  light  than  for  red,  because  of 
their  shorter  wave-length.  When  the  thickness  of  the  plate  is  considerable, 
only  the  black  brushes  are  distinctly  seen. 

361.  Determination  of  the  Refractive  Indices. — A  single  prism  suffices  for 
the  measurement  of  the  indices  of  refraction,  go  and  e,  with  the  refractometer. 
Further,  its  edge  may  be  either  parallel  to  the  vertical  axis  or  at  right  angks 
to  this  direction.  Such  a  prism  yields  two  images  of  the  slit,  one  correspond- 
ing to  the  ordinary  and  the  other  to  the  extraordinary  ray,  and  for  each  the 
angle  of  minimum  deviation  is  to  be  determined,  that  is,  the  angle  6  in  the 
general  formula  of  Art.  304.  Which  of  the  two  rays  corresponds  to  the 
ordinary  and  which  to  the  extraordinary  ray  can  be  easily  distinguished  by 
means  of  a  nicol,  the  position  of  whose  vibration-plane  is  known.  1'his  will 
extinguish  that  ray  whose  vibrations  take  place  in  a  plane  at  right  angles  to 
its  own  vibration-plane. 

362.  Other  Methods  for  Determining  the  Befractive  Indices. — The  method 
of  total  reflection  (Arts.  303  and  325)  may  also  be  employed  to  determine  the 
values  of  a?  and  e.  The  section  taken  of  a  uniaxial  crystal  has  its  surface 
most  conveniently  parallel  to  the  vertical  axis.  It  is  so  placed  that  the  direc- 
tion normal  to  the  optic  axis  is  horizontal.  The  light  is  here  separated  into 
two  rays,  having  separate  limiting  surfaces,  and  with  a  nicol  prism  it  is  easy 
to  determine  which  of  them  corresponds  to  the  vibrations  parallel  and  perpen- 
dicular, respectively,  to  the  optic  axis. 

Again,  it  is  possible  to  obtain  the  refractive  indices  with  considerable 
accuracy  from  measurements,  in  the  plane  of  the  axes,  of  the  distances  between 
the  black  rings  in  the  interference-figures  as  seen  in  homogeneous  light.  The 
relation  between  these  distances  and  the  optical  "axes  of  elasticity"  was 
established  by  Neumann  (Pogg.  Ann.,  33,  257, 1834).  B^uer  has  also  developed 
the  same  method  as  applied  to  uniaxial  crystals,  and  employed  it  in  the  case 
of  brucite  (Ber.  Ak.  Berlin,  1877,  704,  and  1.881,  958). 

With  the  polarization-microscope  the  most  simple  method  is  that  of  the 
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Duke  de  Ghaulnes,  explained  in  Art.  326;  this  requires^  however,  that  the  two 
quantities  measured  should  be  determined  with  a  considerable  degree  of 
.-accuracy,  if  the  result  is  to  be  more  than  an  approximation.  (Cf.  further, 
Kosenbnsch,  Mikr.  Phys.,  p.  155  et  seq.,  1892.) 

363,  Determination  of  the  Positive  or  Negative  Character. — The  most 
obvious  way  of  determining  the  character  of  the  double  refraction  (e  >  oo  or 
<y  >  e)  is  to  measure  the  refractive  indices  in  accordance  with  the  principles 
explained  in  the  preceding  articles.  It  is  not  always  possible,  however,  to 
obtain  a  prism  suitable  for  this  purpose,  and  in  any  case  it  is  convenient  to 
have  a  more  simple  method  of  accomplishing  the  result. 

In  the  case  of  uniaxial  crystals,  the  method  which  is  practically  the  most 
simple  is  that  suggested  by  Dove— the  use  of  a  cleavage  plate  of  muscovite  of 
such  thickness  that  the  two  rays  in  passing  through  suffer  a  difference  of  phase 
which  is  equal  to  a  quarter  wave-length,  or  an  odd  multiple  of  this.  It  is  often 
called  a  quarter-undulation  plate  (see  Art.  322). 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendicular 
to  the  axis,  is  brought  between  the  crossed  nicols  in  the  polariscope;  the  black 
cross  and  the  concentric  colored  rings  are  of  course  visible.  Let  now,  while 
the  given  section  occupies  this  position,  the  mica  plate  be  placed  over  it,  with 
the  plane  of  its  optic  axes  (determined  beforehand,  and  the  direction  marked 
by  a  line  for  convenience)  making  an  angle  of  45°  with  the  vibration -planes  of 
the  nicols.  The  interference-figure  is  completely  transformed.  The  colored 
rings  are  broken  by  two  more  or  less 
distinct  hyperbolic  brushes  which  pass 
through  two  black  spots  near  the  center, 
while  the  rings  in  the  corresponding 
quadrants  are  pushed  out  from  the 
center,    and    in    the    two    remaining 

pushed  in.  y^^^^^^t'      %%!^^-ii^£  M 

If  now   the    line  joining  the  two       y    •>  ]^^M       ^Sm^--''^M 
dark  spots  is  at  right  angles  to  the  axial    r  V"  '',^^^r  ^JC^i^**^^ 

plane  of  the  mica  (shown  in  the  figures  >  W^m9^, 

by  the  arrow)  the  crystal  under  experiment  is  opposite  in  refractive  character 
to  the  mica,  that  is,  positive  (Fig.  529);  if  this  line  coincides  with  axial  direc- 
tion, the  crystal  is  like  the  mica,  negative  (Fig.  530). 

384.  With  ibe  microscope  the  above  method  may  also  be  employed,  the  mica  plate, 
iMially  in  the  form  of  a  narrow  strip  whose  elongation  is  that  of  the  plane  of  the  optic 
ux(8.  being  introduced  through  a  slit  in  the  tube  between  the  section  and  the  analyzer. 
Here,  however,  the  field  of  view  is  smaller  than  in  the  polariscope,  and  the  black  dots  are 
Moi  always  distinctly  observed  ;  this  is  particularly  true  if  the  section  be  very  thin  or  the 
niiiiernl  of  low  birefringence.  In  sucli  cases  a  seleniie  plate  is  conveniently  employed, 
ihis  is  of  such  thickness  as  to  give  a  red  of  the  first  order,  and  the  direction  of  elongation 
usuully  corresponds  to  the  axis  a  (Art.  878).  The  plate  is  inserted  in  the  tube  with  its  axes 
inclined  45'  to  the  vibration-planes  of  the  nicols.  This  serves  to  increase  the  retardation 
l)elween  the  two  rays  traversing  the  sections  in  two  alternate  quadrants  and  to  diminish  this 
in  the  others  ;  the  eflfect  being  shown  by  the  rise  or  fall  of  the  interference-colors,  as  com- 
I>ared  with  the  usual  scale  (Art.  820).  For  example,  two  blue  areas  (second  order)  may  be 
s«-en  in  two  opposite  quadrants  and  two  yellow  (first  order)  in  the  others  The  blue  area* 
here  correspond  in  position  to  the  black  dots  in  Figs.  529  and  530  ;  hence  if  the  line  joining 
litem  is  transverse  to  that  of  the  axis  (a)  of  the  selenite  plate  the  mineral  is  positive  ;  if  it 
coincides  with  it  the  mineral  is  negative. 

365.  Absorption  Phenomena  of  Uniaxial  Crystals.  Dichroism. — In  uniaxial 
crystals  it  has  been  seen  that  there  are  two  distinct  values  for  the  velocity  of 
light  transmitted  by  them,  according  as  the  vibrations  take  place  parallel  or 
at  right  angles  to  the  vertical  axis.     Similarly  the  crystal  may  exert  different 
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degrees  of  absorption  upon  the  rays  transmitted  by  vibrations  in  these  two 
directions.  For  example,  a  transparent  crystal  of  zircon  looked  through  in 
the  direction  of  the  vertical  axis  appears  of  a  pinkish-brown  color,  while  in 
a  lateral  direction  the  color  is  asparagus-green.  This  is  because  the  rays 
(extraordinary)  vibrating  ^araZ/eZ  to  the  axis  are  absorbed  with  the  exception 
of  those  which  together  give  the  green  color,  and  those  vibrating  laterally 
(ordinary)  are  absorbed  except  those  which  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
opaque,  since  the  ordinary  ray,  vibrating  normal  to  the  axis,  is  absorbed,  while 
light-colored  varieties,  looked  through  laterally,  are  transparent,  for  the  extraor- 
dinary ray,  vibrating  parallel  to  the  axis,  is  not  absorbed;  the  color  differs  in 
diflFerent  varieties.  Thus  all  uniaxial  crystals  may  be  dichroic  or  have  two 
distinct  axial  colors. 

The  absorption-colors  are  most  satisfactorily  investigated  by  examining  a 
section  cut  parallel  to  the  vertical  (optic)  axis  under  the  microscope  provided 
with  a  single  polarizing  nicol.  The  light  that  passes  through  the  section  is 
then  that  corresuonding  to  vibrations  coinciding  with  the  known  vibration- 
plane  of  the  nicol,  and  as  the  section  is  rotated  90°,  both  the  two  axial  colors 
are  observed  in  succession.  References  to  some  important  papers  on  this  sub- 
ject are  given  on  p.  219. 

An  instniment  called  a  dichroBcope^  contrived  by  Haidinger.  is  sometimes  used  for 
examining  ibis  property  of  crystals.  An  oblong  rbombobedron  of  Iceland  spar  has  a  glass 
prism  of  18^  cemented  to  each  extremity.  It  is  placed  in  a  metallic  cylindrical  case,  as  in 
the  figure,  having  a  convex  lens  at  one  end,  and  a  square  hole  at  the  other.    On  looking 

631.  632. 


^ 


through  it.  the  square  hole  appears  double ;  one  image  belongs  to  the  ordinary  and  the 
other  to  the  extraordinary  ray.  When  a  pleochroic  crystal  is  examined  with  it  by  trans- 
mitted light,  on  revolving  it  the  two  squares,  at  intervals  of  90**  in  the  revolution,  have 
different  colors,  corresponding  to  the  vibration-planes  of  the  ordinary  and  extraordinary 
ray  in  cnlciie.  Since  the  two  images  are  situated  side  by  side,  a  very  slight  difference  of 
color  is  perceptible. 

366.  Circular  Polarization. — The  subject  of  elliptically  polarized  light  and 
circular  polarization  has  already  been  briefly  alluded  to  in  Art.  823.  This 
phenomenon  is  most  distinctly  observed  among  minerals  in  the  case  of  crystals 
belonging  to  the  rhombohedral-trapezohedral  group,  that  is,  quartz  and  cinnabar. 

It  has  been  explained  that  a  section  of  an  ordinary  uniaxial  crystal  cut 
normal  to  the  vertical  (optic)  axis  appears  dark  in  parallel  polarized  light  for 
every  position  between  crossed  nicols.  If,  however,  a  similar  section  of  quartz, 
say  1  mm.  in  thickness,  be  examined  under  these  conditions,  it  appears  dark 
in  monochromatic  light  only,  and  that  not  until  the  analyzer  has  been  rotated 
80  that  its  vibration-plane  makes  for  sodium  light  an  angle  of  24°  with  that  of 
the  polarizer.  In  other  words,  this  quartz  section  has  rotated  the  plane  of 
polarization  (i.e.,  the  vibration-plane  normal  to  it)  some  24°,  and  here  either 
to  the  right  or  to  the  left,  looking  in  the  direction  of  the  light.  The  amount 
of  this  rotation  increases  with  the  thickness  of  the  section,  and  as  the  wave- 
length of  the  light  diminishes  (for  red  this  angle  of  rotation  for  a  section  of 
1  mm.  is  about  19°,  for  blue  32°).    The  direction  of  the  rotation  is  to  the  right 
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or  left,  a8  defined  above — according  as  the  crystal  is  crystallographically  right- 
handed  or  left-handed  (p.  83). 

If  the  same  section  of  quartz  (cut  perpendicular  to  the  axis)  be  vieweil 
between  crossed  nicols  in  converging  polarized  light,  it  is  found  that  the  inter- 
ference-figure diflFers  from  that  of  an  ordinary  uniaxial  crystal.  The  central 
portion  of  the  black  cross  has  disappeared,  and  instead  the  space  within  tlie 
inner  ring  is  brilliantly  colored.*  Furthermore,  when  the  analyzing  nicol  is 
revolved,  this  color  changes  from  blue  to  yellow  to  red,  and  it  is  found  that  in 
some  cases  this  change  is  produced  by  revolving  the  nicol  to  the  right,  and  in 
other  cases  to  the  left;  tne  first  is  true  with  right-handed  crystals,  and  the 
second  with  left-handed.  If  sections  of  a  right-handed  and  left-handed  crystal 
are  placed  together  in  the  polariscope,  the  center  of  the  interference-figure  is 
occupied  with  a  four-rayed  spiral  curve,  called,  from  the  discoverer,  Airy's 
spiral.  Twins  of  quartz  crystals  are  not  uncommon,  consisting  of  the  combina- 
tion of  right-  and  left-handed  individuals  (according  to  the  Brazil  law)  which 
show  these  spirals  of  Airy.  With  cinnabar  similar  phenomena  are  observed. 
Twins  of  this  species  also  not  infrequently  show  Airy^s  spirals  in  the  polariscope. 

C.  Biaxial  Crystals. 
General  Optical  Relations, 

367.  Principal  Refractive  Indices. — All  crystals  of  the  third  or  anisometric 
class,  that  is,  those  of  the  orthorhombic,  monoclinic,  and  triclinic  systems,  are 
optically  biaxial.  In  the  directions  of  the  optic  axes  there  is  a  single  value 
only  for  the  light  velocity,  but  in  other  directions  f  a  light-ray  is  separated  into 
two  rays  propagated  with  different  velocities ;  that  is,  it  suffers  double 
refraction. 

The  study  of  biaxial  crystals  shows  that  there  are  two  directions  within 
them  at  right  angles  to  each  other,  corresponding  to  which,  as  vibration-axes, 
the  refractive  indices  have  respectively  a  minimum  {oi)  and  a  maximum  value 
(y)  for  the  given  substance.  Further,  in  a  third  direction  at  right  angles  to 
each  of  those  just  named,  the  refractive  index  has  a  certain  intermediate  value, 
related  to  the  others  by  a  simple  mathematical  law.  These  three  rectangular 
directions,  or  ether-axes,  are  properly  axes  of  vibration,  and  the  three  corre- 
sponding refractive  indices  determine  the  rate  of  this  transverse  vibration  and 
hence  the  velocity  of  the  light-ray  which  corresponds  to  each  of  them.     The 

values  of  the  velocities  are  respectively  proportional  to  -,  -^,  -. 

The  indices  tr,  )6f,  y  are  called  the  prijicipal  refractive  indices  for  the  given 
substance.     The  mean  refractive  power  is  given  by  their  arithmetical  mean, 

viz.,  —      q       ~*    Further,  the  difference  between  the  greatest  and  least  index, 

y  —  a^  measures  the  birefringence  or  strength  of  the  double  refraction. 

368.  Optical  Structure  of  Biaxial  Crystals. — It  is  found  further  that  the 
optical  structure  of  a  biaxial  crystal  can  be  represented  by  an  ellipsoid  having 
as  its  axes  the  three  lines  mentioned  in  the  preceding  article  which  are  at  right 
angles  to  each  other  and  proportional  in  length  to  the  indices  a,  ft,  y.  This 
indeed  would  be  inferred  (following  Fresnel)  from  the  analogy  of  uniaxial 
crystals.     The  position  of  the  axes  named,  or,  in  other  words,  the  symmetry  of 

*  Verv  thin  sections  of  quartz,  however,  show  (e.g.,  with  the  microscope)  the  dark  cross 
of  an  ordinary  uniaxial  crystal. 

t  On  ihe  distiuction  between  the  primary  and  the  secondary  optic  axes,  see  Art.  871. 
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this  ellipsoid,  is  such  as  to  correspond  to  the  general  crystallographic  symmetry 
of  the  crystal.  For  example,  to  repeat  the  statement  already  made  (Art.  348), 
in  the  orthorhomhic  system  the  axes  of  this  ellipsoid  coincide  in  direction  with 
the  crystallographic  axes.  In  the  monoclinic  system,  one  of  them  coincides 
with  the  axis  of  crystallographic  symmetry  (J),  the  other  two  lie  in  the  plane 
of  symmetry,  that  is,  in  the  plane  of  the  crystallographic  axes  a  and  (!.  In  the 
tridinic  system  there  is  no  necessary  connection  between  the  position  of  tlie 
ether-axes  and  the  crystallographic  axes. 

369.  Indicatrix. — It  may  be  shown,  as  is  done  by  Fletcher,  that  the  ellipsoid 

mentioned,  whose  axes  repre- 
^^^*  ^  ^  sent  in  magnitude  the  three 

—  principal   refractive    indices, 

a,  A  y  (where  a  <  fi  <  y), 
not  only  exhibits  the  charac- 
ter of  the  optical  symmetry, 
but  also  serves  to  represent 
the    direction,   velocity   and 

{)lane  of  polarization  of  a 
ight-ray  in  any  direction 
whatever,  precisely  analogous 
to  the  spheroid  mentioned  on 
p.  196.  See  Fig.  533  (from 
Groth),  also  Figs.  518,  519. 
That  is,  for  the  two  ravs 
having  any  direction^  as  Or 
in  the  plane  of  the  axes  A  A. 
CO  (Fig.  534),  the  velocities 

will  be  proportional  to  ^. 

jy^  ( =  -»)  respectively,  and  the  planes  of  polarization  will  be  perpen- 
dicular to  these  lines.  From  the  equation  of  this  index-ellipsoid,  called  by 
Fletcher  the  indicatrix  (see  Art.  356),  it  is  possible,  as  shown  by  the  author 
named,  to  deduce  by  ordinary  analytical  methods  the  mathematical  expression 
for  the  wave-surface,  the  position  of  the  two  sets  of  optic  axes  (later 
explained),  etc. 

One  important  relation  appears  at  once  from  a  first  study  of  this 
ellipsoid.  Obviously  for  two  definite  positions  of  transverse  planes  passirig 
through  the  center  {SS,  S^S',  Fig.  533),  these  positions  depending  upon  the 
relative  values  of  a  and  v,  the  cross-sections  will  be  circles  etioh  having  a 
radius  equal  to  the  index  p,  intermediate  in  value  between  a  and  y;  similarly 
all  sections  parallel  to  these  are  also  circles.  Hence,  light  propagated  in  a 
direction  normal  to  these  planes,  that  is,  by  vibrations  lying  in  them,  will 
suffer  no  double  refraction — and  after  the  analogy  of  uniaxial  crystals  these 
directions  are  called  optic  axes;  they  are  the primart/  optic  axes  mentioned  in 
Art.  371. 

370.  Wave-surface. — Following  out  the  analogy  of  uniaxial  crystals, 
Fresnel  deduced  the  now  generally  accepted  "wave-surface"  for  biaxial 
crystals.  That  it  gives  correctly  the  law  of  the  varying  refractive  indices  (that 
is,  of  varying  light-velocity)  in  a  biaxial  crystal  has  been  demonstrated  by 
the  agreement  between  the  requirements  of  the  theory  and  the  results  of 
experiment. 

The  form  of  the  sections  of  this  wave-surface  with  the  three  rectangular 


and 
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axial  planes  are  easily  deduced  by  very  elementary  considerations,  though  the 
full  analytical  development  is  most  satisfactorily  derived  from  the  equation  of 
the  indicatrix  as  shown  by  Fletcher. 

First  consider  the  section  of  the  wave-surface  for  the  transverse  plane  of 
the  axes  AB  (Fig.  533).  Light  passing  in  the  direction  of  the  axis  AA  will 
be  separated  into  two  rays;  for  one  of  these  the  line  of  transverse  vibration 
will  correspond  to  tlie  axis  CC,  and  hence  its  rate,  or,  in  other  words,  the 

velocity  of  the  ray  itself,  will  be  proportional  to  —.  For  the  second,  the  direc- 
tion of  transverse  vibration  will  be  that  of  the  axis  BB^  and  its  rate,  that  is, 
the  velocity  of  the  ray  itself,  will  be  proportional  to  -^ .     Let  these  values  be 

represented  in  Fig.  536  by  Oc'  (=  -)  and  Ob  f  =  -g-j.     Again,  m  the  direction 

of  the  axis  BB,  there  will  be  two  rays  whose 
vibration-directions  are  respectively  parallel  to 
the  axes  A  A  and  CC,  and  their  velocities  in 

the  direction  of  BB  proportional  to  —  and  — 

respectively.  Let  these  be  represented  by  Oa 
and  Oc.  For  some  other  direction  in  the  same 
plane,  there  will  be  two  rays,  one  of  whose 
vibration-directions  corresponds  to  CC,  and  its 

velocity  to  — ,  represented  in  Fig.  533  by  Oc", 

while  for  the  other  there  will  be  an  intermediate 

vibration-direction  and  a  velocity  between  -  and 

-  and  it  can  be  shown  (after  the  analogy  of 

uniaxial  crystals  and  as  proved  by  experiment) 

that  this  value  is  given  by  the  line  Or  in  the  ellipse  whose  major  and  minor 

axes  {Oa  and  Ob)  are  -  and  -.    Hence  the  circle  cc'  represents  the  section  of 

the  wave-surface  for  the  rays  in  the  given  plane,  whose  vibration-direction 

corresponds  to  the  axis  CC,  and  the  velocity  to  the  constant  value  -.     While 


[the 


for  other  rays  the  vibration-directions  change  from  AA  to  BB,  and  the  velocity 
from  -  to  -3-. 

The  ray  propagated  by  vibrations  in  the  direction  of  the  axis  CC,  which 
has  the  constant  velocity  -,  that  is,  the  ray  whose  wave-front  in  this  cross- 
section  is  a  circle,  is  called  the  ordhiary  ray,  since  on  refraction  it  remains  in 
the  plane  of  incidence.    The  other  ray,' whose  velocity  varies  with  the  direction 

from  -  to  -5,  is  called  the  extraordinary  ray. 

Again,  take  the  plane  of  the  axes  BC  (Fig.  533).  Whether  the  direction 
of  the  light  be  that  of  B  or  of  C,  or  any  intermediate  line  in  the  same  plane, 
there  will  be  in  each  position  one  ray  whose  vibration-direction  is  that  of  the 
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axis  A,  and  whose  velocity  is  hence  expressed  hy  -;  for  it  the  section  of  the 
wave-surface  will  be  a  circle.  For  the  other  ray,  if  parallel  to  B,  the  vibration- 
direction  will  be  that  of  the  axis  C,  and  its  velocity  is  represented  by  -.  If 
it  is  parallel  to  C,  its  vibration-direction  is  that  of  B,  and  its  velocity  is  given  by 
-^.  As  in  the  other  case,  intermediate  values  will  be  given  by  the  ellipse 
636.  637. 


The  combined  section  of  the 


having  -^  and  -  for  its  major  and  minor  axes. 

wave-surface  is  shown  in  Fig.  536.    Here  also,  the  ray  with  the  constant  velocity 

-  is  called  the  ordinary  ray;  the  other  is  the  extraordinary  ray. 

For  the  third  plane,  that  of  the  axes 
AC,  one  ray  will  always  have  as  its 
vibration-direction  that  of  the  axis  JK 
and  its  velocity  will  hence  be  expressed 

by  -5-.  For  the  other  ray,  if  parallel  to 
A,  the  vibration-direction  is  that  of  C, 
and  the  velocity  is  expressed  by  -.  If 
parallel  to  C,  the  vibration-direction  is 
that  of  A  and  the  velocity  — ,  and  simi- 
larly for  intermediate  positions.  The 
section  of  the  wave-surface  constructed 
from    these    values    is    given    in    F\^. 


IS    given    in 
537.   Here  the  circle  fradius  =  -^J 


cuts 


Figs. 


the   ellipse  at    the   points   PP,   P'P'. 
The  complete  wave-surface,    of  which 
the   three  axial   sections  are   given  in 
535,   536,  and   537,  can  be   constructed,  but  it  is  not  easy  to  form  a 
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complete  knowledge  of  the  form  without  having  a  model  in  hand.  Some  idea 
of  it  may  be  gathered  from  Fig.  538. 

371.  Primary  and  Secondary  Optic  Axes.— It  has  already  been  briefly 
stated  (Art.  367)  that  there  are  two  directions,  namely,  those  normal  to  the 
circular  cross-sections  of  the  indicatrix  {SS,  S'S\  Fig.  533)  in  which  the  light 

is  propagated  by  transverse  vibrations  of  like  rate  ( —  j.  Hence  in  these  direc- 
tions in  a  crystal  there  is  no  double  refraction  within  the  crystal;  nor  is  there 
when  the  ray  emerges.  These  two  directions  bear  so  close  an  analogy  to  the 
optic  axes  of  a  uniaxial  crystal  that  they  are  also  called  optic  axes,  and  the 
crystals  here  considered  are  hence  named  biaxial.  In  Fig.  537,  these  optic 
axes  have  the  direction  SS,  S'S'  normal  to  the  tangent  planes  //,  I't',  and 
the  direction  of  the  external  wave  is  given  by  the  normal  Scr  (Fig.  539). 

Properly  speaking  the  directions  mentioned  are  those  of  the  priviary  opHo 
ares,  for  there  are  also  two  other  somewhat  analogous  directions,  PP, 
P'P'y  of  Fig.  537,  called  for  sake  of  difitinction  the  secondary  optic  axes^ 
The  properties  of  the  latter  directions  are  539^ 

obvioas  irom  the  following  considerations. 

In  the  section  of  the  wave-surface  shown 
in  Fig.  537  (also  enlarged,  in  Fig.  539), 
corresponding  to  the  axial  plane  AC,  it  is 

seen  that  the  circle  with  radius  06  (=  -5-) 

intersects  the  ellipse  whose  major  and  minor 

axes  are  Oa  f  =  -J  and  Oc  f  =  -J  in  the  four 

])oints  P,P,  P',P\  Corresponding  to  these 
directions  the  velocity  of  propagation  is  obvi- 
ously the  same  for  both  rays.  Hence  within 
the  crystal  these  rays  travel  together  without 
double  refraction.  Since,  however,  there  is 
no  common  wave-front  for  these  two  rays 
(for  the  tangent  for  one  ray  is  represented  by 
mm  and  for  the  other  by  nn,  Fig.  539)  they 
do  suffer  double  refraction  on  emerging;  in  fact,  two  external  light-waves  are 
formed  whose  directions  are  given  by  the  normals  Pfx  and  Pv,  These 
directions,  PP,  P' P' ,  therefore  have  a  relatively  minor  interest,  and  whenever,. 
in  tlie  pages  following,  optic  axes  are  spoken  of,  they  are  always  the  'primary 
optic  axes,  that  is,  those  having  the  directions  SS,  S'S'  (Fig.  537),  or  OS,- 
Fig.  539.*  In  practice,  however,  as  remarked  in  the  next  article,  the  angular 
variation  between  the  two  sets  of  axes  is  usually  very  small,  perhaps  1° 
or  less. 

372.  Interior  and  Exterior  Conical  Refraotion. — The  tiingent  plane  to  the  wave-surface 
drawn  normal  to  the  line  O/S  through  the  point  6' (Fig  589)  may  be  shown  to  meet  it  in  a 
small  circle  on  whose  circumference  lie  the  points  5  and  2'.  This  circle  is  the  base  of  the 
interior  cone  of  rays  B01\  whose  remarkable  properties  will  be  briefly  hinted  at.  If  a 
section  of  a  biaxial  crystal  be  cut  with  its  faces  normal  to  08,  those  parallel  rays  belonginsr 
to  a  cylinder  haviue  this  circle  as  its  base,  incident  upon  it  from  without,  will  be  propagated 
within  as  the  cone  0O2'.  Convei*sely,  rays  from  within  corresponding  in  position  to  ihe 
surface  of  this  cone  will  emerge  parallel  and  form  a  circular  cylinder.  This  pheuomeuoa 
is  calh  d  interior  conical  refraction. 
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♦Fletcher  calls  the  primary  axes  binormals,  the  secondary  axes  bintdiaU. 
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Od  the  other  hand,  if  a  section  be  cut  with  its  faces  normal  to  OP,  those  rays  b^vin? 
the  directiou  of  the  surface  of  a  cone  formed  by  perpendiculars  to  mm  and  nn  will  Im 
propagated  within  parallel  to  OP,  and  emerging  on  the  other  surface  form  without  a  similar 
cone  on  the  other  side.    This  phenomenon  is  culled  exterior  conical  refraction, 

lu  the  various  figures  eiven  (585-589)  ihe  relations  are  much  exaggenited  for  the  sake 
of  clearness;  in  practice  ihe  relatively  small  difference  between  the  indices  (»f  ref  rHCiion 
a  and  y  makes  this  cone  of  small  angular  size,  miely  over  2".  For  example,  with  snlpbur. 
which  has  very  strong  double  refraction  {y  ^  a  =  0*20 ;  compare  the  values  given  io  An. 
869  and  Art.  888),  the  values  of  a,  fi,  y  for  yellow  sodium  light  were  measured  by 
Bchrauf  as  follows : 


a  =  1-95047, 


/J  =  2i 


y  =  2  24052. 


640. 


373.  Axes  of  Elasticity.— As  intimated  in  Art.  368,  Fresnel  appears  to  have 
deduced  the  wave-surface  of  biaxial  crystals,  as  it  is  here  called  followint^ 
him,  by  a  generalization  from  that  accepted  for  the  more  simple  uniaxial 
crystals.  The  explanation  of  the  observed  phenomena,  attempted  by  him,  was 
based  upon  the  assumption  that  the  varying  velocity  of  light  shown  by  the 
varying  values  of  the  refractive  indices  depended  upon  the  variable  elasficiftj 
of  the  ether  within  the  crystal.  Silice,  as  stated  on  p.  160,  it  seems  better  imt 
to  insist  upon  this  hypothesis  and  since,  further,  it  is  possible  to  describe  all 
the  phenomena  without  attempting  to  explain  the  properties  of  the  ether 
upon  which  the  ultimate  values  of  the  pulses  depend  which  manifest  them- 
selves as  light-waves,  all  mention  of  elasticity  has  been  thus  far  avoided. 

These  "axes  of  elasticity"  are  of  great  con- 
venience in  describing  the  optical  properties 
of  crystals,  and  it  is  hence  necessary  to  make 
frequent  use  of  them.  They  are  uniformly 
represented  by  the  letters  a,  b,  c,  wliere 
a  >  b  >  c  as  shown  in  Fig.  540,  and   where 

further  it  is  true  that  a  :  b  :  c  =  ~  :  -rr  :  -• 

a      fS        y 

flf,  /?,  y  being  the  three  principal  refractive 
indices  (a  <  /S  <  y).  The  tliree  axes  as  given 
in  Pig.  540  then  have  the  direction  of  the 
three  ellipsoidal  axes  (Fig.  533);  the  maximum 
value  of  the  elasticity,  a,  corresponds  to  the 
minimum  value  of  the  observed  refractive  index  a,  and  this  in  turn  cor- 
responds to  the  maximum  velocity  of  a  ray  propagated  perpendicular  to  the 
plane  of  the  axes  a  and  b  by  vibrations  naving  a  direction  parallel  to  this 
axis  a ;  similarly  for  the  axes  b  and  c 

Whenever  in  this  work  the  axes  a,  b,  c,  which  may  be  simply  called  tl.e 
ether-axes,  are  spoken  of  in  describing  the  optical  characters  of  crystals,  it 
is  to  be  understood  that  they  have  the  directions  indicated,  correspond  in i: 
respectively,  as  just  explained,  to  the  ellipsoidal  axes;  moreover,  their  relative 
magnitude  is  expressed  as  follows:  a  >  b  >  c. 

374.  Bisectrices,  or  Mean-lines. — As  shown  in  Art.  371,  the  optic  axes 
always  lie  in  the  plane  of  the  axes  a,  y  of  the  indicatrix  (that  is,  of  tlio  etlif  r- 
axes  a  and  c) ;  this  is  called  the  optic  axial  plane  (or  briefly,  ax.  ;;/.).  The 
value  of  the  optic  axial  angle  is  Known  when  the  values  of  the  refractive 
indices,  a,  /?,  y,  are  given,  as  stated  in  the  next  article.  That  axis  (cf.  Fi^r. 
539,  also  Figs.  541,  542)  which  bisects  the  acute  angle  of  the  optic  axes  i> 
called  the  acute  bisectrix,  or  first  mean-line,  and  that  bisecting  the  obtuse 
angle  is  the  obtuse  bisectrix,  or  second  menn-line. 

The  acute  bisectrix  is  often  represented  by  Bx^^  the  obtuse  bisectrix  by  Bx^. 
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f  the  word  bisectrix  is  used  alone  without  special  qualification  it  is  always  to 
«  understood  as  referring  to  the  acute  bisectrix. 

375.  Belation  of  the  Axial  Angle  to  the  Befractive  Indices. — If  in  a  given 
a^e  the  valines  of  a,  /i,  and  y  are  known,  the  value  of  the  interior  optic  axial 
tigle  (2  V)  can  be  calculated  from  them  by  the  following  formulas: 


008«F  = 


1 

1 

1 

1 

/y 

y' 

or 

tan' 

F  = 
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376.  Pontive  and  Negative  Crystals.— Biaxial  crystals  are  distinguished  as 
pfically  positive  (+)  or  negative  (—)  after  a  manner  analogous  to  the  usage 
rirh  uniaxial  crystals.    Beferring  to  Fig.  533  of  the  ellipsoid,  and  also  to  Fig. . 
39,  it  will  be  obvious  at  once  that  for  certain  relative  values  of  the  indices, 
r,  p,  y,  the  interior  optic  axial  angle  must  be  90"^.     In  other  words^  in  this 


Positive  Crystal.  Bxa  =  c. 


Negative  Crystal,  Bxa  =  a. 


186  the  planes  of  the  optic  axes  will  be  equally  inclined  to  the  two  planes  of 
le  ether-axes.  Such  a  case,  however,  is  rare  in  practice,  and  when  it  occurs 
is  true  for  light  of  a  certain  color  ♦  (wave-length)  only,  and  not  for  others. 


♦  For  danburite  2r=  89°  14'  for  green  (thallium)  and  90'  14'  for  blue  (CuSO*). 
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Ronghly  expressed,*  the  optic  axes  will  lie  nearer  to  c  than  to  a — tha: 
c  will  be  the  bisectrix — when  tne  valne  of  the  intermediate  index,  fi,  is  r.-j 
that  of  a  than  to  that  of  y.  Such  a  crystal,  for  which  Bx^  =  c,  is  called  o;  ' 
positive.  It  is  obvious  (cf.  Fig.  541)  that  in  this  case,  as  the  angle  diniiiii! 
and  becomes  nearly  equal  to  zero,  the  form  of  the  ellipsoid  then  appro,  j 
that  of  the  prolate  spheroid  of  the  positive  uniaxial  crystal  as  its  limi:  •F 
521,  p.  195);  this  shows  the  appropriateness  of  the  -|-  sign  here  nsed. 

On  the  other  hand,  the  optic  axes  will  lie  nearer  to  a  than  to  c — that  is, ;:  t 
be  the  bisectrix — if  the  value  of  the  mean  index  ft  is  nearerf  to  that  of  r  v.i 
to  that  of  a.  Such  a  crystal,  for  which  Bx^  =  a,  is  called  optically  «ec' 
It  is  seen  that  in  this  case  (Fig.  542)  the  smaller  the  angle  the  mortr  :i 
ellipsoid  approaches  the  oblate  spheroid  of  the  negative  uniaxial  citn 
(Fiff.  520,  p.  195). 

The  following  are  a  few  examples  of  positive  and  negative  bid 
crystals: 

Positive  (+).  Negative  (-). 

Sulphur.  Aragonite. 

Enstatite.  Hypersthene. 

Topaz.  Muscovite. 

Barite.  Orthoclase. 

Ch  rysol  i  te.  Epidote. 

Albite.  Axinite. 

377.  Dispersion  of  the  Bisectrices. — In  certain  cases  the  ether-axes  of  F^ 
533  may  have  different  positions  in  the  crystal  for  different  colors;  that  is  J 
different  wave-lengths.  This  is  true  of  the  two  axes  which  lie  in  the  plar>  i 
symmetry  of  a  monoclinic  crystal,  and  of  all  the  three  axes  in  a  tricl.  i 
crystal.  This  results  in  a  phenomenon  which  is  often  called  the  dispersi>  >\ 
the  bisectrices^  and  which,  if  pronounced,  is  always  manifest  in  the  axi 
interference-figures,  as  explained  beyond. 

378.  Dispersion  of  the  Optic  Axes.— Further,  since  the  three  refraeri 
indices  may  have  different  vahies  for  the  different  colors,  and  as  the  anirle 
the  optic  axes  is  determined  by  these  three  values  (Art.  375),  the  axiaraii^ 
miiy  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  light  of  different  war 
lengths  is  called  the  dispersion  of  the  optic  axes,  and  the  two  extreme  ca?i 
are  distinguished  by  writing  f)  >  v  when  the  angle  for  the  red  rays  (^j) 
greater  than  for  the  blue  (violet,  v),  and  p  <  v  when  the  reverse  is  tra 
These  cases  are  illustrated  later. 

Examination  of  Biaxial  Crystals  in  Polarized  Light.  \ 

379.  Sections  in  Parallel  Polarized  Light.  Extinction-angle. — A  section  i 
a  biaxial  crystal  appears  dark  between  crossed  nicols  when  its  vibration-plarj 
coincide  with  the  vibration-planes  of  the  nicols.     In  any  other  position  of  :i 

♦  tan  K  =  45''  and  2  F  =  90  for  a  value  of  fi  given  by  Ibe  equation  ' 

_1^_  1    _   \ 1_  1 

t  To  compare  Figs.  542  and  520,  the  liorizontul  axis  of  tlie  former  should  be  placed  a 
vertical  position;  ihat  is,  the  axis  A  A  of  Fig.  520  corresponds  to  c  of  Fig.  542.  * 
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tion  i*:  appears  light  and  may  show  the  usual  bright  interference-color. 

Hence  the  use  of  the  polariscope,  or  polariza- 
tion-microscope, by  the  method  of  extinction, 
gives  a  quick  means  of  determining  the  position 
of  these  vibration-planes  in  a  given  case. 

For  example,  in  Fig.  543,  repeated  from 
p.  177,  let  the  two  larger  rectangular  arrows 
represent  the  vibration-directions  for  the  two 
nicols,  and  between  the  two  prisms  suppose  a 
section  of  a  biaxial  crystal,  abed,  to  be  placed 
so  that  one  edge  of  a  known  crystallographic 
plane  coincides  with  the  direction  of  one  of 
these  lines.  The  field  of  the  microscope, 
dark  before,  since  the  prisms  were  crossed,  is 
no  longer  so,  and  becomes  dark  again,  as 
)lained,  only  when  the  crystal  is  revolved  so  that  Us  vibration-directions 
e  smaller  dotted  arrows)  coincide  with  those  of  the  nicols,  as  is  indicated 
the  maximum  extinction  of  the  light.  The  crystal  has  then  the  position 
Vf/'.  The  angle  (indicated  in  the  figure)  which  it  has  been  necessary  to 
olve  the  plate  to  obtain  the  effect  described,  is  the  angle  which  one  of 
J  vibration-directions  in  the  given  plate  makes  with  the  given  crystallo- 
i])hic  edge  ad;  it  is  often  called  the  extinction-angle. 
WTien  the  vibration -planes  of  a  crystal-section  coincide  in  direction  with 
planes  of  its  crystallographic  axes,  the  extinction  is  said  to  be  parallel ;  if 
i,  it  is  called  oblique  or  inclined.  On  the  practical  determination  of  the 
inction-directions  see  Arts.  380  and  389. 

380.  Determination  of  the  Extinction-directions  with  the  Microsoope.— In 
J  use  of  the  microscope,  in  cases  to  which  the  method  of  the  stauroscope  is 
t  applicable,  instead  of  depending  upon  the  somewhat  uncertain  estimate  of 
5  point  of  maximum  light-extinction,  a  convenient  way  is  to  employ  a  plate 
quartz,  which  for  a  certain  position  of  the  analyzer  gives  the  field  a  tint  of 
or  (a  purplish  pink),  to  slight  changes  in  which  the  eye  is  very  sensitive. 
hen  the  section  is  revolved  on  the  stage  till  it  has  precisely  the  same  tint  as 
3  surrounding  field,  its  vibration-planes  are  those  of  the  cross-hairs  in  the 
jpiece  (supposing  the  lower  nicol  has  the  normal  position),  and  from  the 
iduation  of  the  stage  their  position  in  the  section  can  be  at  once  determined. 
Instead  of  the  quartz,  a  plate  of  selenite  (Art.  364)  of  such  a  thickness  as 
give  the  red  of  the  first  order  is  often  employed,  the  nicols  being  crossed, 
hen  this  plate  is  inserted  as  usual,  the  crystal-section  can  have  the  same 
lor  only  on  condition  that  its  vibration-directions  coincide  with  those  of  the 
3ol8;  hence  their  crystallographic  orientation  in  the  section  is  readily  deter- 
ined  and  with  considerable  accuracy. 

A  still  more  delicate  melhod  involves  the  use  of  the  Bertrand  ocular.  This  has  four 
iters  of  quartz  cut  1  h ;  two  of  these,  diagonally  opposite,  are  from  a  right-handed,  the 
ler  pair  from  a  left-handed  crystal.  When  the  diameters  in  which  the  sectors  meet  coin- 
le  wirh  the  vibration-directions  of  the  two  crossed  nicols,  the  two  pairs  of  quadrants  have 
ecisely  the  same  color ;  any  change  of  position,  however,  of  the  upper  nicol  causes  them 
assume  tints  complementary  to  each  other. 

Assuming  now  the  nicols  to  be  crossed  and  in  the  normal  position,  if  a  section  of  a  doubly 
fracting  nnneral  be  introduced  on  the  stage  of  the  microscope,  the  quadrants  in  general 
ke  unlike  tints  and  are  brought  to  the  same  color  as  before  only  when  by  the  revolution 
the  stage  the  vibration-directions  of  the  section  are  made  to  correspond  precisely  to  those 
the  crossed  nicols,  that  is,  of  the  diameters  of  the  ocular.  The  adjustment  can  be  made 
this  case  with  great  accuracy. 

381.  Relation  of  the  Yibration-directiGns  to  the  Ether-axes.— In  the  most 
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general  case,  for  any  section  whatever,  the  relation  between  the  vibration 
planes  and  the  ether-axes  is  highly  complex,*  A  common  special  case  i^ 
where  the  section  is  parallel  to  one  of  the  ether-axes;  this  tnen  fixes  one 
vibration-plane,  and  the  other  will  obviously  be  at  right  angles  to  it.  A  siili 
more  special  case  is  that  of  a  section  parallel  to  the  plane  of  two  of  the  ether 
axes;  these  axes  then  at  once  fix  the  directions  of  light- vibration  and  conversely 
or,  in  other  words,  these  directions  being  determined  by  observation,  the  posii 
tion  of  the  axes  in  the  crystal  section  is  knbwn  from  them. 

The  practical  application  of  the  above  relations  depends  upon  the  crystallo- 
graphic  orientation  of  the  ether-axes,  and  is  spoken  of  later  under  the  differeni 
systems. 

382.  Color  of  a  Section  in  Parallel  Polarized  Light.— The  interference-coloi 
of  the  section  under  examination  depends,  as  before  explained,  upon  its  thicb 
ness  and  upon  the  birefringence;  the  latter  varies  with  the  orientation  of  th« 
section,  but  is  a  maximum  (equal  to  ;^  —  or)  if  the  section  is  cut  parallel  to  tii^ 
axes  a  and  c,  that  is,  parallel  to  the  plane  of  the  optic  axes.  In  any  case  for  i^ 
given  thickness  the  interference-color  will  depend  upon  the  difference  betwt^el 
the  refractive  powers  of  the  two  vibration-directions.  For  sake  of  illustratic^n 
the  following  table  is  added  (from  Rosenbusch)  giving  the  thickness  of  sectior 
for  a*few  biaxial  crystals  which  yield  red  of  tne  first  order,  with  also  theii 
maximum  birefringence  {y  —  a),  \ 

Birefringence  Thickness  in 

iy  —  a).  millimeters. 

Brookite 0-158  0-00349 

Muscovite 0-042  0-01312 

Epidote 0-037  0-01490 

Augite 0-022  0*02505 

Gypsum 0-010  0-05510 

Orthoclase 0-008  0-06887 

Zoisite 0-006  0-09183 

Further,  it  may  be  noted  that  with  a  section  of  epidote  lb  (010),  while  n  thioknes^s  o! 
about  0-015  mm.  gives  red  of  the  first  order,  one  of  0028  gives  red  of  the  second  onier 
and  of  0042  red  of  the  third  order. 

383.  Determination  of  the  Birefringence  with  the  MicroBCope.— The  \ii\m 
of  the  maximum  birefringence  (y  —  a)  is  obviously  given  at  once  when  tl.i 
refractive  indices  are  known.  It  can  be  approximately  estimated  for  a  secti. : 
of  proper  orientation  and  of  measured  tnickness  by  the  comparison  of  li* 
interference-color  with  the  table  referred  to  in  Art.  320,  p.  178.  This  is  c: 
the  assumption  that  the  thickness  is  such  as  to  yield  a  tint  of  readily  reco^: 
nized  position  in  the  interference-scale.  To  which  order  a  given  interferencf 
color  belongs  can  be  readily  determined  by  the  compensation  method  iuvolvin: 
the  use  of  the  quartz-wedge  or  the  mica-wedge  of  Fedorow  (Art.  384). 

♦  The  variation  in  directions  of  extinction  witii  change  of  the  orientation  of  the  secti" 
under  examination  is  chiefly  interesting  in  the  microscopic  study  of  rock-sections.  It  i; 
minutely  discusseti  in  the  MiucMjmx  des  Roches  of  M.  Levy  and  Lacroix.  The  snme  smV 
ject  has  nlso  been  exhaustively  trglted  in  the  case  of  the  plagioclase  feldspars  by  M.  Li'v^ 
in  a  work  in  two  parts  entitled  **  Etude  sur  la  detenni nation  des  Feldspaths  dans  les  plaij'./* 
minces"  (Paris,  l694.  1896).  Cf.  also  Fedorow.  :2:s.  'Kry8t./i2.'^,  1898 ;  27.  387,  1>% 
29.  604,  1898;  also  Viola,  Min.  petr.  Miith..  16,  481.  1895. 


CHARACTERS  DEPENDING   VPON  LIGHT.  213 

More  accurate  measurements  of  the  birefringence  can  be  made  by  other 
aethods,  as  with  the  quartz-comparator  of  M.  L6vy.* 

384.  Determination  of  the  Relative  Eefracdvo  i-^cwer. — The  relative  refrac- 
Ive  power  of  the  two  vibration-directions  in  a  thin  section  is  readily  deter- 
iiiufd  with  the  microscoj)e  (in  parallel  polarized  light)  by  the  method  of  com- 
^nsation.  This  is  applicable  to  any  section^  whatever  its  orientation  and 
rhether  uniaxial  or  t)iaxial.  Practically,  however,  it  is  chiefly  employed  when 
!.e  section  is  parallel  to  the  plane  of  two  of  the  ether-axes;  it  then  serves  to 
eterraine  the  relative  magnitude  of  these  axes.  If  the  position  of  either  bisec- 
rix  iu  the  section  is  known,  it  also  serves  to  determine  whether  the  crystal  is 
ptically  positive  or  negative.  In  practice  a  mica-plate  or  selenite-plate  may  be 
sed  with  very  thin  sections;  or  with  thicker  ones  a  quartz-wedge  or  the  excellent 
lica-wedge  of  Pedorow.f  The  section  under  examination  must  be  placed  so 
hat  its  vibration-directions  make  an  angle  of  45°  with  those  of  the  crossed 
licols;  the  :^-undulation  mica  or  selenite-plate  is  then  inserted.  The  change 
a  the  interference-colors  is  noted,  and  again  after  the  stage  has  been  revolved 
0.  In  the  case  where  the  effect  of  the  compensating  plate  is  to  raise  the 
Qterference-color  in  the  scale  the  retardation  of  the  section  is  added  to  that  of 
he  plate;  for  this  position  tlie  plate  and  section  are  then  alike  in  optical 
haracter.  In  the  case  of  a  fall  of  color  the  plate  diminishes  the  retardation  due 
[>  the  section;  obviously  for  this  position  they  are  opposed  in  optical  character. 

For  thicker  sections  placed  in  position  as  before  with  vibration-directions  in- 
iined  45""  to  those  of  the  crossed  nicols,  the  quartz-wedge  or  mica-wedge  is 
m[>loyed.  This  is  advanced  across  the  field  until  a  thickness  is  reached  which 
arves  to  make  the  given  section,  previously  colored,  dark,  that  is,  to  bring  it 
ensibly  to  extinction.  The  optical  character  of  the  plate  and  section  are 
•jw  opposed,  and  in  fact  just  balanced  against  each  other.  By  observing  the 
oriiioii  of  the  section  the  relative  value  of  the  refractive  power  is  given. 

A  crystal-section  is  said  to  have  positive  elongation  if  its  direction  of  ex- 
5nsion  approximately  coincides  with  the  ether-axis  c ;  if  with  a  the  elongation 
i  negative.  The  same  terms  are  also  used  in  general,  according  to  the  relative 
gfractive  power  of  the  two  directions. 

385.  Determination  of  the  Refraotiye  Indices. — The  values  of  the  three 
afractive  indices,  ^,  )^,  y^  for  biaxial  crystals,  may  be  determined  from  three 
risms  cut  with  their  refracting  edges  parallel  respectively  to  the  three  axes, 
,  b,  and  c,  corresponding  to  the  indices  or,  )5,  y,  respectively.     See  Art.  304. 

It  is  possible,  however,  to  obtain  the  values  of  a,  /?,  and  j/  by  the  use  of 
''0  prisms;  in  this  case  one  of  the  prisms  must  be  so  made  that  its  vertical 
iire  is  parallel  to  one  axis,  while  the  line  bisecting  its  refracting  angle  at  this 
l2:e  is  parallel  to  a  second.  In  the  case  of  such  a  prism  the  angle  of  minimum 
eviation  is  obtained  for  both  rays,  that  having  its  vibrations  parallel  to  the 
rism-edge,  and  that  vibrating  at  right  angles  to  this,  that  is,  parallel  to  the 
ne  bisecting  the  prismatic  angle. 

Of  the  three  indices  the  mean  index,  fi,  is  one  which  it  is  most  important 
)  determine,  since  by  means  of  it,  in  accordance  with  the  formulas  in  Art. 
89,  the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 

*  See  M.  Levy,  Bull.  Soc.  Min..  6,  143,  1888;  also  Levy-Lacroix,  Min.  Roclies.  pTni 
^q.;  Rosenbascb,  Mikr.  Phys.,  p.  \e!^eiseq. 

t  This  consists  of  strips  of  Jundulation  mica,  overlapping  step-like  and  nil  placed  with 
leir  axial  planes  (t.«.,  the  axis  c)  in  a  common  line  coinciding  with  tiie  direction  of  elonen- 
'>n.  Insertwi  between  crossed  nicols.  the  axis  c  making  an  angle  of  45"  with  their 
ihi-ation-planea,  it  gives  a  series  of  arem  of  interference-colors  whose  position  in  the  scale 
at  oQce  obvious  (Art.  320).     See  Fedorow,  Zs.  Kryst.,  26,  849,  1895. 
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in  air.  The  prism  to  give  the  value  of  /?  should  obviously  have  its  refracting 
edge  parallel  to  the  axis  b,  that  is,  at  right  angles  to  the  plane  of  the  optic 
axes. 

The  other  methods*  alluded  to  on  pp.  180,  181  may  also  be  applied  here. 
For  the  method  by  total  reflection  the  sections' should  be  cut  normal  to  tlie 
acute  bisectrix.  This  will  give  by  actual  observation  the  values  of  a  and  y, 
and  if  2B,  the  apparent  axial  angle  in  air,  is  known,  then  /3,  the  mean  index, 
can  be  calculated. 

386.  Interference-figure  for  a  Section  Normal  to  an  Optic  Axis. — A  sectioi. 
cut  perpendicular  to  either  optic  axis  will  show,  in  converging  polarized  light, 
a  system  of  concentric  rings  analogous  to  the  concentric  circles  of  uniaxial 
crystals,  Fig.  526,  but  more  or  less  elliptical  in  shape.  There  is,  moreover,  iio 
black  cross,  but  a  single  black  line,  which  revolves  as  the  section  is  turned 
around  on  the  stage. f 

387.  Interference-figures  for  Sections  Normal  to  a  Bisectrix. — If  a  section  of 
a  biaxial  crystal,  cut  perpendicularly  to  the  acute  bisectrix,  is  viewed  in  iIk- 
conoscope  (p.  181),  two  types  of  characteristic  interference-figures  are  observtd, 
according  to  the  position  of  the  optic  axial  plane  relative  to  the  vibration-plane ? 
of  the. crossed  nicols. 

First,  suppose  that  the  plane  of  the  axes  coincides  with  the  vibration-pkii.o 
of  one  of  the  crossed  nicols;  an  unsymmetrical  black  cross  is  then  observed, 
and  also  a  series  of  elliptical  curves,  surrounding  the  two  centers  and,  finally 
uniting,  forming  a  series  of  lemniscates.  If  monochromatic  light  is  employed, 
the  rings  are  alternately  light  and  dark;  in  white  licht  each  ring  shows" tlu- 
successive  colors  of  the  spectrum.  If  one  of  the  nicoT  prisms  be  revolved,  the 
dark  hyperbolic  brushes  gradually  become  white,  and  the  colors  of  the  ring? 
take  the  complementary  tints  after  a  revolution  of  90°. 

The  smaller  the  axial  angle  the  nearer  together  are  the  oval  centers  and 
the  more  the  interference-figure  resembles  the  simple  cross  of  a  uniaxial 
orystal.  On  the  other  hand,  when  the  axial  angle  is  lar&;e  the  hyperbolas  nre 
far  apart,  and  may  even  be  so  far  apart  as  to  be  invisible  in  the  field  of  the 
polariscope.  When  this  is  not  the  case  a  micrometer  scale  in  the  polariscope, 
Pig.  514,  p.  182,  allows  of  an  approximate  measurement  of  the  axial  angle, 
the  value  of  each  division  of  the  scale  being  known. 

Aprain,  suppose  that  the  plane  of  the  axes  makes  an  angle  of  45''  with  the 
vibration-planes  of  the  crossed  nicols;  two  black  hyperbolas  are  then  noted, 
marking  the  position  of  the  axes;  further,  there  is  a  system  of  curves  similar 
to  those  described  before. 

Both  of  these  fisrures  are  well  exhibited  on  the  plate  forming  the  frontis- 
piece (Fiffs.  3rt  and  3A).  The  one  gradually  changes  into  the  other  as  the  crys- 
tal-section is  revolved  in  the  horizontal  plane,  the  nicols  remaining  stationary. 

A  section  of  a  biaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 
exhibits  the  same  figures  under  the  same  conditions  in  polarized  light,  when 
the  angle  is  not  too  large.  This  is,  however,  generally  the  case,  and  in  conse- 
quence the  axes  suffer  total  reflection  (Art.  303)  on  the  inner  surface  of  the 
section  and  no  axial  figures  are  visible.  This  is  sometimes  the  case  also  with 
a  section  cut  normal  to  the  acute  bisectrix,  when  the  angle  is  large.    (See,  also, 


♦  Becke  Ijrr  piven  a  simple  method  for  determining  approximately  tbe  relative  refractive 
power  of  two  adjacent  minerals  {e.g.,  quartz  and  a  certain  kind  of  plagioclase)  in  thin  sections. 
Ber.  Ak.  Wien.  102  (1),  July.  1898.     See  also  Viola.  Min.  petr.  Milth.,  16,  150.  1896. 

t  On  the  special  phenomena  of  sections  of  biaxial  crystals  cut  normal  to  an  optic  axis, 
in  parallel  and  converging  polarized  light,  see  Ealkowsky.  Zs.  Kryst.,  9,  486,  1884. 
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Art.  389.)  The  peculiarities  in  the  interference-figures  due  to  the  dispersion 
of  the  optic  axes  and  that  due  to  the  dispersion  of  the  bisectrices,  or  both 
together,  are  alluded  to  later. 

388.  The  explanation  of  the  biaxial  interference-figures — most  simply 
iindei-stood  for  the  first  case  mentioned — is  analogous  to  that  for  the  analogous 
phenomenon  of  the  uniaxial  crystals  (Art,  360).  The  arms  of  the  black  cross 
mark  the  directions  in  which  the  light-rays,  which  are  sensibly  normal  to  the 
section,  are  extinguished,  since  the  vibration-planes  of  the  nicols  coincide  with 
those  of  the  section.  The  dark  ellipses  and  lemniscate  curves  seen  in  mono- 
cliromatic  light  are  due  to  the  interference  of  the  two  rays  produced  by  the 
double  refraction  of  the  section  and  referred  back  to  a  common  vibration-plane 
by  the  polarizer.  This  interference  takes  place  when  the  retardation  of  one 
ray  relatively  to  the  other  is  equal  to  half  a  wave-length,  ^A,  or  to  f  A,  ^A,  etc. 
The  intermediate  light-spaces  correspond  to  a  similar  retardation  of  a  whole 
wave-length.  A,  or  2A,  3A,  etc.  When  ordinary  light  is  employed  there  is 
complete  extinction  only  in  the  direction  of  the  vibration-planes  of  the  nicols, 
and  the  curves  become  colored  rings  showing  the  prismatic  colors.  The 
mimber  of  colored  rings  noted  in  the  field  of  view  increases,  and  their  distance 
from  the  axial  centers  and  from  each  other  grows  less  as  the  thickness  of  the 
plate  is  increased,  and  also  as  the  strength  of  the  double  refraction  is  greater. 
If  the  plate  is  very  thick,  only  the  black  cross  may  be  distinctly  visible. 

389.  Measurement  of  the  Axial  Angle. — The  determination  of  the  angle 
made  by  the  optic  axes  is  ordinarily  accomplished  by  use  of  the  instrument 
shown  in  Fig.  544.  The  section  of  the  crystal,  cut  at  right  angles  to  the 
bisectrix,  is  held  in  the  pincers  at  ^,  with  the  plane  of  the  axes  horizontal,  and 

644. 


making  an  anffle  of  45®  with  the  vibration-plane  of  the  nicols.  There  is  a 
cross-wire  in  the  focus  of  the  eyepiece,  and  as  the  pincers  holding  the  section 
are  turned  by  the  screw  at  the  top  (here  omitted)  one  of  the  axes,  that  is,  one 
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black  hyperbola,  is  brought  in  coincideDce  with  the  vertical  cross-wire,  and 

then,  by  a  further  revolution,  the  secomi. 
The  angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off  ac 
the  vernier  on  the  graduated  circle  above,  is 
the  apparent  angle  for  the  axes  of  the  giveu 
crystal  as  seen  in  the  air  (aca  =  2£,  Fig. 
545).  It  is  only  the  apparent  angle,  for,  oii 
passing  from  the  section  of  the  crystal  tu 
**  the  air,  the  true  axial  angle  is  more  or  less 
increased,  according  to  the  refractive  power 
of  the  given  crystal.  The  relation  between 
the  red  interior  angle  and  the  measured 
angle  is  given  below. 

If  the  axial  angle  is  so  large  that  the 
axes  suffer  total  reflection,  oil  *  or  some  other 
liquid  with  higher  refractive  power  is  made  use  of,  into  which  the  axes  pass 
when  no  longer  visible  in  the  air.  In  the  instrument  described  a  small  recep- 
tacle holding  the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the 
pincers  holding  the  section  are  immersed  in  this  and  the  angle  measured  n^ 
before. 

In  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practicable 
to  measure;  but  sometimes,  especially  when  oil  (or  other  liquid)  is  made  use 
of,  the  obtuse  angle  can  also  be  determined  from  a  second  section  normal  to 
the  obtuse  bisectrix. 

It  B  =  the  apparent  semi-acute  axial  angle  in  air  (Fig.  545), 
H^=   "         "  "  "        "      in  oil. 

Ho  =    "         "         semi-obtuse  angle  in  oil, 
Va  =  the  real  (or  interior)  semi-acute  angle, 
Vo  =   "      "      "        "        semi-obtuse  angle, 
n  =  refractive  index  for  the  oil  or  other  medium, 
/3  =  the  mean  refractive  index  for  the  given  crystallized  substance, 
the  following  simple  relations  connect  the  various  quantities  mentioned: 


sin  E=  n  sin  ffa'y    sin  Va  =  ^  sin  //« 


.  71     . 

sm  fo  =  ^sin  /To- 


These  formulas  give  the  true  interior  angle  (3F)  from  the  measured 
apparent  angle  in  air  {2E)  or  in  oil  (2^)  when  the  mean  refractive  index  {(i) 
is  known. 

Instead  of  the  oil,  carbon  disulphide  with  a  refractive  index  of  1-6442  for 
ya{7iy)  may  be  employed  ;  or  the  solution  of  mercuric  iodide  in  potassium 
iodide,  whose  refractive  index  (Na)  is  1-7176.  The  axial  angle  measured  in  the 
latter  is  usually  represented  by  2K.  Methyl  iodide  may  also  be  used,  since  its 
refractive  index  is  also  high;  for  it  n^  =  1'7466.  The  axial  angle  in  this  case 
is  called  2M. 

Anotber  modified  form  of  axial  iaatrument  (the  Adams-Schneider)  Incloses  the  section 
in  a  sphere  of  glass  which  can  be  turned  at  the  proper  angle ;  for  this  the  axial  angle  is  20. 
The  advantages  of  this  instrument  consist  in  the  fact  that  the  field  of  view  is  very  large,  aiul 
at  the  same  time  it  allows  of  placing  the  section  in  any  desired  position  relatively  to  the 


*  Almond-oil  which  has   been   decolorized  by  exposure  to  the   light  is   commonly 
employed  ;  its  refractive  index  is  about  1-46. 
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axis.  Moreover,  the  angle  measured  is  the  apparent  angle  for  tbe  gluss  of  whicJ  the  Icuses 
are  made,  so  that  the  axes  are  visible  iu  cases  where  this  would  not  be  the  ctise.  because  of 
total  reflection,  either  in  nir  or  in  oil. 

390.  Azial  Angle  Heainred  with  the  Hieroioope.— The  microscope,  with  eyepiece  removed 
and  condensing  lens  (or  lenses)  added  above  the  lower  uicol,  often  serves  to  show  (with  suit- 
able hieh-power  objective)  the  axial  interference-figures  in  very  thin  sections  with  only  the 
limitations  belonging  to  the  instrument  (see  p.  199).  Bertrand*  has  shown  ihat  l>y  the 
addition  of  a  simple  piece  of  apparatus  the  axial  angle  can  be  measured  with  fair  accuracy. 
Further,  a  very  convenient  appanitus  for  this  object  has  been  devised  by  Klein.  Agjuo, 
by  the  careful  measurement  of  the  linear  distance  between  the  two  hyperbolas  the  axial 
augle  can  be  calculated  as  shown  by  Mallard. f 

391.  Determination  of  the  Pontiye  or  Ifegatiye  Character  of  Biaxial  CryBtals. 

—The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  yaiues  of  the  indices  of  refraction,  where  these  can  be 
obtained.  If  c,  the  ether-axis  corresponding  to  the  index  y^  is  the  acute 
bisectrix,  the  crystal  is  o^iicdXly  positive;  if  a,  the  ether-axis  corresponding  to 
a,  is  the  acute  bisectrix,  the  crystal  is  optically  negative^  as  explained  in  Art. 
o':^  and  illustrated  by  Figs.  541,  542,  this  relation  follows  from  the  values  of 
the  refractive  indices. 

There  are,  however,  more  simple  methods  of  determining  the  character  by 
experiment.  The  quarter-undulation  mica  plate  may  be  employed  just  as  with 
uniaxial  crystals,  but  its  use  is  not  very  satisfactory  excepting  when  the  axial 
divergence  is  quite  small.  In  this  case  it  can  be  used  to  advantage,  the  plane 
of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with  the  vibra- 
tion-plane of  one  of  the  nicols.  With  the  microscope  the  selenite  plate  may  be 
employed  after  a  manner  similar  to  that  explained  m  Art.  364. 

392.  The  more  general  method  is  tlie  employment  of  a  thin,  wedge-sha^ied 
piece  of  quartz;  this  is  so  cut  that  one  surface  coincides  with  the  direction  of 
the  vertical  axis,  and  the  other  makes  an  angle  of  4°  to  6°  with  it.  By  this 
means  a  wedge  of  varying  thickness  is  obtained.  The  section  to  be  examined, 
cut  normal  to  the  acute  bisectrix,  is  brought  between  the  crossed  nicols  of  the 
polariscope  (Fig.  513),  and  with  its  axial  plane  making  an  angle  of  45"  with 
the  polarization -plane  of  the  nicol  prisms;  that  is,  so  that  the  black  hyperbolas 
are  visible.  The  quartz-wedge  is  now  introduced  slowly  between  the  section 
examined  and  the  analyzer,  first,  in  a  direction  at  right  angles  to  the  axial 
plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the  plate  investigated ;  and 
s'econdy  parallel  to  the  axial  plane,  that  is,  in  the  direction  of  the  line  joining 
the  hyperbolas.  In  one  direction  or  the  other  it  will  be  seen,  when  the  proper 
thickness  of  the  quartz-wedge  is  reached,  that  the  central  rings  appear  to 
increase  in  diameter,  at  the  same  time  advancing  from  the  center  to  the 
extremities 

The  eflFect,  in  other  words,  is  that  which  would  have  been  produced  by  the 
thinning  of  the  given  section.  If  the  phenomenon  is  observed  in  the  first  case 
when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is,  to  the  obtuse 
bisectrix,  it  shows  that  this  bisectrix*  itiust  have  an  opposite  sign  to  the  quartz, 
that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute  bisectrix  positive.  If 
the  mentioned  change  in  the  interference-figures  takes  place  when  the  axis  of 
the  quartz  is  at  right  angles  to  the  axial  plane,  then  obviously  the  opposite 

must  be  true  and  the  acute  bisectrix  is  negative.    This  method  of  investigation 

I 

♦  Bertmnil.  Bull.  8oc.  Min..  3.  97,  1880;  see.  nlso,  Nachet.  ibid.,  10,  186,  1887;  Klein, 
Ber.  Ak.  Berlin.  91,  1895      Alan  references  in  p.  199. 

f  Mfillnrd,  Bull.  Soc.  Miu.,  6.  77,  1882;  this  last  method  is  explained  by  Rosenbuscb, 
Mikr.  Phys..  194,  1892. 
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can  be  applied  even  in  cases  where  the  axial  angle  is  too  large  to  appear  in 
the  air. 

The  same  effects  may  be  obtained  by  bringing  an  ordinary  qnartz  section 
of  greater  or  less  thickness,  cut  normal  to  the  axis,  between  the  analyzer  and 
the  crystal  examined,  and  then  inclining  it,  first  in  the  direction  of  the  axial 
plane,  and  again  at  right  angles  to  it. 

The  method  of  determining  the  optical  character  in  thin  sections  in  paralkl 
polarized  light  is  mentioned  in  Art.  384. 

393.  Absorption  Phenomena  of  Biaxial  Crystals.  Pleoehroism. — Biaxial 
crystals,  corresponding  to  the  fact  that  they  have  three  principal  refractive 
indices  (a,  /?,  y)  may  show  different  degrees  or  kinds  of  absorption  in  different 
directions,  usually  assumed  as  those  of  the  ether-axes,  viz.,  a,  b,  c  The  deirree 
of  absorption  is  designated  asa>b>cora>b  =  c,  etc.  Further,  acconiin:: 
to  the  kind  of  selective  absorption,  the  crystal  may  be  dichroic  or  trichroic,  or 
better,  in  general,  pleochroic;'^  in  this  case  the  colors  corresponding  to  the 
vibrations  parallel  to  the  ether-axes  are  usually  given.  It  has  been  shown. 
however,  that  the  axes  of  absorption  do  not  in  all  cases  coincide  with  tiie 
ether-axes. 

In  order  to  investigate  the  absorptive  properties  of  a  biaxial  crystal, 
sections  must  be  obtained  which  are  parallel   to  the  several  ether-axes,  cf. 
646.  Fig.  546.    In  an  orthorhombic  crystal  the  faces  are  those  of 

the  three  pinacoids;  in  a  monoclinic  crystal  one  side  coin- 
cides with  the  clinopinacoid,  the  others  are  to  be  determine*! 
for  each  species.  The  light  transmitted  by  this  solid,  or  i»y 
the  corresponding  sections,  is  examined  by  means  of  a  sinirlo 
nicol  prism.  Suppose,  first,  that  the  light  transmitted  (Fiir. 
546)  in  the  direction  of  the  vertical  axis  is  to  be  examineii. 
When  the  shorter  diagonal  of  the  nicol  coincides  with  the 
direction  of  the  axis  l>,  the  color  observed  belongs  to  that  raj 
with  vibrations  parallel  to  this  direction;  when  it  coincides 
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with  the  axis  a,  the  color  for  the  ray  with  vibrations  parallel  to  a  is  observed. 
In  the  same  way  the  nicol  separates  the  different  colored  rays  vibrating  parallel 
to  c  and  a  respectively,  when  the  light  passes  through  in  the  direction  of  6. 

So  also  finally  when  the  section  is  looked  through  in  the  direction  of  the 
axis  a,  the  colors  for  the  rays  vibrating  parallel  to  b  and  c,  respectively,  are 
obtained.  It  is  evident  that  the  examination  in  two  of  the  directions  named 
will  give  the  three  possible  colors.  All  of  these  observations  are  readily  made 
with  the  microscope  provided  with  one  nicol. 

For  epidote,  acconiing  to  Klein,  the  colors  for  the  tbree  axial  directions  are» 
J   j  Vibrations  parallel  to  b.  brown  ^absorbed). 

■  (  '*  "        "a,  yellow. 

2   j  Vibmtions  parallel  to  c.  preen. 
'  (  **  "        "a,  yellow. 

g   j  Vibrations  parallel  to  c.  preen. 

(         *'  **        "  b,  brown  f absorbed). 

Tlie  colors  observed  by  the  eye  alone  are  the  resultants  of  the  double  set  of  vibrations, 
in  which  the  stronger  color  predominates  ;  thus,  in  the  above  example,  the  plane  normal  to 
c  is  brown,  to  b  yellowish  green,  to  a  green.  In  any  other  direction  in  the  crystal  the 
apparent  color  is  the  result  of  a  mixture  of  those  corresponding  to  the  three  directions  of 
vibrations  in  different  proportions. 

When  a  section  (normal  to  an  optic  axis)  of  a  crystal  characterized  by  a 
high  degree  of  color-absorption  is  examined  by  the  eye  alone  (or  with  the 

♦  Early  observations  were  made  by  Haidinger,  see  liternlure  below. 
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microscope)  in  strongly  converging  light,  it  often  shows  the  so-called  epoptic 
figures,*  or  polarization-brushes ,  somewhat  resembling  the  ordinary  axial 
interference-tigures.  This  is  true  of  andalusite,  epidote,  iolite,  also  tourmaline, 
etc.  A  cleavage  section  of  epidote  \c  (001)  held  close  to  the  eye  and  looked 
through  to  a  bright  sky  shows  the  polarization-brushes,  here  brown  on  a  green 
ground. 

It  is  also  to  be  noted  that  certain  strongly  absorbing  crystals  {e.g.,  biotite) 
often  show  spots  where  tlie  color  is  particularly  deep;  such  areas  are  some^ 
times  called  pleochroic  halos. 
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Special  Optical  Cliaracters  of  Orthorhombic  Crystals. 

394.  Position  of  the  Ether-axes. — In  the  orthorhombic  system,  in  accord- 
ance with  the  symmetry  of  the  crystallization,  the  three  axes  of  the  indicatrix, 
that  is,  the  ether-axes  a,  b,  c,  coincide  with  the  three  crystallographic  axes,  and 
the  three  unlike  crystallographic  planes  of  symmetry  correspond  to  the  planes 
of  symmetry  of  the  ellipsoid.  Further  than  this,  there  is  no  immediate  relation 
between  the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that,  as 
lias  been  stated,  the  choice  of  the  crystallographic  axes  is  arbitrary  so  far  as 
relative  length  and  position  are  concerned,  and  hence  made,  in  most  cases, 
without  reference  to  the  optical  character. 

Sections  of  an  orthorhombic  crystal  parallel  to  a  pinacoid  plane  (a,  b,  or  c) 
appear  dark  between  crossed  nicols,  when  the  axial  directions  coincide  with 
the  vibration-planes  of  the  nicols.  In  intermediate  positions  a  section  will 
appear  light  (or  colored  if  of  the  proper  thickness),  llence  such  a  section 
when  revolved  on  the  microscope  will  appear  dark  four  times. 

The  same  will  be  true  of  a  section  cut  in  the  prismatic  zone  (|  i,  the 
vertical  axis)  or  in  the  plane  parallel  either  to  the  axis  J  or  d. 

395.  Determination  of  the  Plane  of  the  Optic  Axes. — The  plane  of  the  optic 
axes,  that  is,  of  the  axes  a  and  c,  corresponding  to  the  indices  a  and  y,  must 
be  parallel  to  one  of  the  three  pinacoids.  In  order  to  determine  in  which 
plane  the  axes  lie,  it  is  necessary  to  examine  sections  parallel  to  these 
directions.  One  of  these  will  in  all  ordinary  cases  show,  in  converging 
polarized  light,  the  interference-figure  peculiar  to  biaxial  crystals.  It  is 
evident  also  that  two  of  the  sections  named  determine  the  character  of  the 
third,  so  that  the  plane  of  the  optic  axes  and  the  position  of  the  acute  bisectrix 
can  be  in  practice  generally  told  from  them. 

The  position  of  the  optic  axial  plane  is  briefly  indicated  according  to  the 
pinacoid  to  which  it  is  parallel:  as,  ax.  plane  *||  a  (100),  fete.     Further,  the 

♦  These  figures  are  called  hauppet  by  the  French  nnd  Polarisationsbuschel  by  the  Ger- 
man mineralogists.    Such  crystals  are  said  to  be  idiapkatious. 


220  PHYSICAL  MINKBALOGY. 

position  of  the  acute  bisectrix  is  described  according  to  the  pinacoid  to  which 
it  is  normal,  as  Bx^^±,c,  etc. 

396.  Diflpersion  of  the  Azob.— From  the  section  showing  the  axial  figures, 
that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be  measured  in  the 
manner  which  has  been  described  (Art.  389).  If  it  is  practicable  to  deterniiue 
also  the  obtuse  axial  angle  from  a  second  section  normal  to  the  obtuse  bisec- 
trix, the  true  axial  angle  (2  V)  and  also  the  mean  refractive  index  {fi)  can 
then  be  calculated. 

There  is  further  to  be  determined  the  dispersion  of  the  axes  (see  Art.  378). 
Whether  the  axial  angle  for  red  rays  is  greater  or  less  than  for  blue  (p  >  r, 
or  p  <  v)  can  be  often  seen  immediately  from  the  axial  interference-figure  in 
the  colored  plate  (frontispiece^;  it  is  obviously  true,  from  Fig.  3^,  as  also 
Fig.  36,  that  the  angle  lor  tne  blue  rays  is  greater  than  that  for  the  red 
.  _  .(^  ^  ^)'  **^^  ®^  ^^^  general.    This  same  point 

is  also  accurately  determined,  of  course,  by 
the  measured  angle  for  the  two  colors. 

In  all  cases  the  same  line  will  be  the 
bisectrix  of  the  axial  angle  for  both  bhie 
and  red  rays,  so  that  the  position  of  the 
respective  optic  axes  is  symmetrical  with 
reference  to  each  bisectrix.  In  Fig.  547,  the 
dispersion  of  the  axes  is  illustrated,  where 
p  <  v;  it  is  shown  also  that  the  lines  B'B' 
and  B^B*  bisect  the  angles  of  both  red 
{pOp')  and  bine  (vOv^)  rays.  It  also  needs 
no  further  explanation  that  for  a  certain 
relation  of  the  refractive  indices  of  the 
different  colors,  the  acute  bisectrix  of  tlie 
axial  angle  for  red  rays  may  be  the  obtuse 
bisectrix  for  the  angle  for  blue  rays.  This  is  true,  for  example,  in  the  case  of 
the  species  danburite,  as  already  noted  (p.  209). 

397.  Refraotive  Indices,  etc.— The  determination  of  the  refractive  indices 
and  the  character  (+  or  —)  of  the  acute  bisectrix  is  made  for  orthorhombic 
crystals  in  the  same  way  as  for  all  biaxial  crystals.  It  is  merely  to  be 
mentioned  that,  since  the  ether-axes  always  coincide  with  the  crystal lographic 
axes,  it  sometimes  happens  that  crystals,  without  artificial  preparation,  furnish, 
in  their  prismatic  or  dome  series,  prisms  whose  edges  are  parallel  to  these 
axes,  and  consequently  at  once  suitable  for  the  determination  of  the  indices  of 
refraction.  This  is  often  true,  for  example,  with  topaz.  It  must  be  noted, 
however,  that  if  the  refractive  angle  is  too  large,  the  refracted  ray  will  not 
emerge  (see  Art.  303),  the  limit  being  when  the  angle  of  the  prism  is  equal  to 
twice  the  critical  angle. 

Special  Optical  Characters  of  Monoclinic  Crystals. 

398.  Position  of  the  Ether-axes  and  Optic  Axial  Plane. — In  crystals 
belonging  to  the  monoclinio  system  one  of  the  ether-axes  always  coincides 
with  the  orthodiagonal  axis  h,  and  the  other  two  lie  in  the  plane  of  symmetry 
at  ri^ht  angles  to  this  axis.  Here  obviously  three  cases  are  possible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Gon-esponding  to  these  three  positions  of  the  ether -axes,  there  mav 
occur  three  kinds  of  dispersion  of  these  axes,  or  «^i«per5io;i  of  ike  bisectrim 
(Art.  377).    This  dispersion  arises  from  the  fact  that,  while  the  position  of 
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one  axis  is  fixed,  the  position  of  the  other  two  may  be  different  for  the  different 
colors  (wave-lengths),  so  that  the  bisectrices  of  the  different  colors  may  not 
coincide. 

399.  Staorosoope. — The  position  of  the  two  axes  in  the  plane  ot  symmetry 
may  be  determined  by  use  of  the  microscope  as  described  in  Art.  380.  A  more 
accurate  method,  applicable  in  certain  cases,  involves  the  principle  of  the 
nauroscope,  an  instrument  first  devised  by  von  Kobell  (1855*),  and  since  then 
much  improved.  In  its  present  form  it  is  simply  the  orthoscope  of  Fig.  515 
with  a  composition  plate  of  calcite  inserted  at  m  in  the  upper  tube.  This 
gives  a  peculiar  interference-figure  the  form  of  which  is  altered  if  a  doubly 
refracting  section  is  placed  on  the  stage  below,  unless  its  vibration-planes 
coincide  with  those  of  the  crossed  nicols.  The  adjustment  which  restores  the 
normal  figure  can  be  made  with  great  precision.  To  accomplish  this,  it  is 
essential  that  the  direction  of  the  known  edge  of  the  crystal  should  be 
exactly  parallel  to  the  vibration-direction  of  one  of  the  nicols.  This  condition. 
in  the  case  of  small  crystals  especially,  is  hard  548. 

to  fulfill,  and  to  accomplish  it  most  satisfactorily 
the  holder  shown  in  Fie.  548  is  made  use  of. 
A  plate  of  glass,  v,  held  in  its  present  position 
by  a  spring,  has  one  edge  polished,  that  which 
adjoins  u,  and  the  direction  of  this  is  made  to 
coincide  exactly  with  the  line  joining  the  opposite 
zero  points  of  the  graduation.  The  crystal  section 
is  attached  to  this  plate  over  the  hole  seen  in  v, 
and  with  a  plane  of  known  crystallographio 
position,  either  a,  c  or  &  face  in  that  zone  (or  a 
corresponding  edge),  coinciding  with  the  direction 
of  the  polished  edge  of  the  plate.  Whether  this 
coincidence  is  exact  can  be  tested  by  the  reflecting  goniometer. 

After  the  adjustment  of  the  section  on  the  plate  v,  the  latter  is  inserted  in 
its  place,  the  whole  plate  placed  in  position  (Fig.  515),  and  the  nicols  so 
adjusted  that  the  vibration  plane  of  one  coincides  with  the  line  0°  to  180°. 
Tiie  angle  of  revolution  of  the  circular  plate,  I,  is  obtained  from  the  gradu- 
ated scale  on  k. 

It  is  not  always  easy  to  make  the  adjustment  of  the  nicols  alluded  to,  but 
the  error  arising  when  the  vibration-plane  of  the  nicol  does  not  coincide  with 
the  line  0°  to  180°  is  easily  eliminated.  This  is  accomplished  by  removing  the 
plate  v,  and,  without  disturbing  the  crystal  section,  restoring  it  to  its  place  in 
an  inverted  position.  The  measured  angle,  if  before  too  great,  will  now  be  as 
much  too  small,  and  the  arithmetical  mean  of  the  two  measurements  will  be 
the  true  angle.     (Gf.  Oroth,  1.  c.) 

400.  Position  of  the  Plane  of  the  Optic  Axes.— The  investigation  of  a  section 
of  a  monoclinic  crystal  parallel  to  the  plane  of  symmetry  determines  the 
position  of  the  two  ether-axes  lying  in  this  plane,  but  it  does  not  fix  the 
relative  position  of  the  axes  a  and  c,  that  is,  the  plane  of  the  optic  axes. 
To  solve  the  latter  point,  sections  normal  to  each  of  the  three  axes  must  be 
examined  in  converging  polarized  light,  and  one  of  them  will  show  the 
characteristic  interference-figure.  The  section  parallel  to  the  plane  of 
symmetry  is  first  to  be  examined,  and  if  it  does  not  show  the  axes  even 
in  oil,  one  or  both  of  the  other  sections  spoken  of  must  be  employed. 

'Pogg.  Ann.,  96,  820,  1855;  also  Brezina.  ibid  ,  128,  448.  1866;  130,  141,  1869; 
Groth,  ibid.,  144,  84,  1871;  Calderon,  Zs  Eryst.,  2,  68,  1877. 
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The  position  of  the  optic  axial  plane  is  described  as  I  S  or  J.  J  according 
as  it  is  parallel  or  normal  to  the  plane  of  symmetry,  that  is,  to  the  face  b{p\v). 
In  the  former  case,  the  position  of  the  bisectrices  may  be  defined  according  to 
the  angle  which  the  acute  bisectrix  (BXa)  makes  either  with  the  normal  to  tlie 
face  a  (100)  or  that  of  c  (001)  or  with  the  vertical  axis  i.  The  last  method  is 
particularly  convenient  since  the  direction  of  the  vertical  crystallographic  axis, 
i,  is  that  marked  by  the  prismatic  zone  {e.ff,,  in  a  section  by  cleavage  lines), 
and  still  more  since  the  extremity  of  i  is  the  middle  point  of  the  sphere  of 
projection  (Fig.  550)  and  the  angle  is  either  +  (in  front,  toward  100)  or  — 
(behind,  toward  100). 

For  example,  pvpsum  is  optically  positive,  hence  tbe  axis,  c,  is  the  acute  bisectrix,  Bia- 
Further  (Figs.  549,  550).  the  position  of  Bata  is  defined  by  the  angle  Bxa  a  ^  =  -f  62i  . 
But  since  the  axial  angle  fl,  or  ae  (001  A  100)»  =  80°  42'.  it  is  also  true  that  the  normal 
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angles  between  c  or  a  and  the  planes  e,  a  are  as  follows:  cc  =  +  43*  13',  ac  =  +  87'  80*, 
and  ca  =  —  46"  48'.  The  positions  of  the  bisectrices  are  shown  in  the  section  parallel  to 
b  (010)  of  Fig.  549,  and  also  in  the  sphere  of  projection.  Fig.  550. 

401.  Dispersion  of  the  BisectriceB. — 1.  Inclined 
Dispersion. — In  this  first  case  the  plane  of  the 
optic  axes  is  parallel  to  the  face  b  (010);  in  other 
words^  the  two  bisectrices  (the  axes  a  and  c)  lie  in  the 
plane  of  symmetry,  and  the  mean  axis  b  coincides  with 
the  orthodiagonal  axis.  The  optic  axes  may  here  suffer 
a  dispersion  m  this  plane  of  symmetry,  and,  as  already 
stated,  they  then  do  not  lie  symmetrically  with  reference 
to  the  acute  bisectrix.  This  is  illustrated  rn  Fig.  551, 
where  MM  is  the  bisectrix  for  the  angle  vOv\  and  BB 
for  the  angle  pOp\  This  kind  of  dispersion  was  called 
by  Des  Cloizeaux  iiiclmBd  (dispersion  inclinee).  The 
position  of  the  two  axial  planes  is  further  illustrated  by 
Fig.  552  (from  Schrauf),  and  corresponding  to  this  the 
axial  interference-figure,  when  the  dispersion  is  con- 
siderable, shows  a  distribution   of  colors  illustrated  by  Figs.  4a  and  \h  of 
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the  plate  (frontispiece),  which  should  be  compared  with  the  normal  figures 
(Figs.  3a  and  3b),  where  there  is  no  dispersion  of  the  bisectrices. 


662. 


663. 


664. 


y^S 


1.  loclined. 
Ax.  pi.  II  b  (010). 


2.  Horizontal. 
Ax.pl.JL^;  Bxo±b. 


8.  Crossed. 
Ax.  pi.  ±b;  Bxa±b. 


2.  Horizontal  Dispersion.  In  the  second  case  the  acute  bisectrix 
and  b  lie  in  the  plane  of  symmetry,  and  the  optic  axial  plane  is  hence 
normal  to  it.  In  other  words,  the  plane  of  the  optic  axes  for  all  the  colors 
lies  parallel  to  the  orthodiagonal  axis,  but  these  nlanes  may  have  dififerent 
inclinations  to  the  vertical  axis.  This  was  callea  horizontal  dispersion  by 
Des  Cloizeaux. 

The  relative  positions  of  the  axial  planes  is  illustrated  by  Fig.  553,  and 
the  resulting  interference-figure  is  shown  in  Fig.  5  of  the  plate. 

3.  Grossed  Dispersion.  In  the  third  case  the  obtuse  bisectrix  and  b  lie 
in  the  plane  of  symmetry,  that  is,  the  plane  of  the  optic  axes  is  normal  to 
tliis  plane  and  the  acute  bisectrix  coincides  with  the  orthodiagonal  axis  0. 
This  was  called  crossed  dispersion  by  Des  Cloizeaux  (dispersion  tournunto 
or  crois^e).  The  relative  positions  of  the  axial  planes  is  illustrated  by 
Fig.  554  and  the  corresponding  interference-figure  is  shown  in  Fig.  6  qI 
tlie  plate. 

402.  Axial  Angle,  Dispersion,  etc. — The  method  of  measuring  the  axial 
angle  has  been  already  explained,  and  if  this  is  determined  for  the  different 
colors  it  will  determine  the  dispersion  of  the  axes  p^v. 

The  dispersion  of  the  bisectrices  has  been  shown  to  be  in  general 
indicated  by  the  character  of  interference-figures ;  its  amount,  where  con- 
siderable, may  be  determined  by  making  the  stauroscopic  measurements  for 
different  colors. 

The  remaining  points  to  be  investigated,  the  refractive  indices,  the  -f  or 
—  character  of  the  crystal,  etc.,  need  no  further  explanation  beyond  that 
which  has  been  already  given. 

Special  Optical  Characters  of  Triclinic  Crystals. 

403.  The  crystals  of  the  triclinic  system  are  characterized  by  the  absence 
of  a  plane  of  crystallographic  symmetry,  the  position  and  inclination  of  the 
axes  being  thus  arbitrary.  It  follows  from  this  that  there  is  no  necessary 
connection  between  them" and  the  rectangular  ether-axes.  More  than  one  of 
the  three  kinds  of  dispersion  mentioned  in  Art.  401  may  occur  in  a  single 
crystal,  and  the  interference-figures  will  indicate  the  existence  of  both. 

"  The  practical  investigation  of  triclinic  crystals  optically  involves  consider- 
able difficulty ;  in  general  a  series  of  successive  trials  are  required  to  determine 
the  position  of  the  axes.  When  these  are  found,  the  axial  sections  can  be 
prepared  and  the  axial  angle  determined,  and  the  other  points  settled  as  with 
other  biaxial  crystals.     Cf.  Fig.  341,  p.  109,  of  chalcanthite,  where  S  repre- 
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sents  approximately  the  position  of  Bx^y  or  in  other  words  is  the  pole  or  nonna' 
to  the  plane  at  right  angles  to  the  acute  bisectrix.  On  the  general  relation 
between  the  extinction-directions^  ether-axes  and  optic  axes,  see  the  authoi> 
referred  to  on  p.  212. 


404.  Effect  of  Heat  upon  Optical  CharaoterB. — The  general  effects  of  heat 
upon  crystals  as  regards  expansion,  etc.,  are  spoken  of  later.  It  is  convenient. 
however,  to  consider  here,  briefly,  the  changes  produced  by  this  means  in  liit 
special  optical  characters.  It  is  assumed  that  no  alteration  of  the  chemica: 
composition  takes  place  and  no  abnormal  change  in  molecular  structure.  The 
essential  facts  are  as  follows : 

(1)  Isotropic  crystals  remain  isotropic  at  all  temperatures.  Crystals,  how- 
ever, which  like  sodium  chlorate  (NaClO,  of  Group  5,  p.  51)  show  circular 
polarization,  may  have  their  rotatory  power  altered;  in  this  substance  it  is  in- 
creased by  rise  of  temperature. 

(2)  Uniaxial  crystals  similarly  remain  uniaxial  with  rise  or  fall  of  tempera- 
ture; the  only  change  noted  is  ayariation  in  the  relative  values  of  co  and  e,  that 
is,  in  the  strength  of  the  double  refraction.  This  increases,  for  example,  with 
calcite  and  grows  weaker  with  beryl  and  quartz.  It  is,  further,  interesting  to 
note  that  the  rotatory  power  of  quartz  increases  with  rise  of  temperature,  but 
the  relation  for  all  parts  of  the  spectrum  remains  sensibly  the  same. 

(3)  With  Biaxial  crystals^  the  effect  of  change  of  temperature  varies  with 
the  system  to  which  they  belong. 

The  axial  an^le  of  biaxial  cryntaU  may  be  measured  at  any  required  temperature  by  the 
use  of  a  metal  air-bath.  This  is  placed  nt  ^(Fig.  544),  and  exleuds  beyood  the  iustrumeu' 
OD  either  side,  so  as  to  allow  of  Us  being  heutedwiih  gas-buruei-s  ;  n  tbermometer  iiiser!e>l 
in  the  bath  makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  baib  \\u- 
two  openings,  closed  with  ^lass  pJates.  corresponding  to  the  two  tubes  carrying  the  leij>f. 
and  the  crystal-section,  held  as  usual  in  the  pincers,  is  seen  through  these  glass  nr in (lo\> «. 
Suitable  acceisories  to  the  refractometer  also  allow  of  the  measurement  of  the  refrnctive 
indices  at  different  temperatures. 

In  the  case  of  orthorhombic  crystals,  the  position  of  the  three  rectangular 
ether-axes  cannot  alter,  since  they  must  always  coincide  with  the  crystalU^- 
graphic  axes.  The  values  of  the  refractive  indices,  however,  may  change,  anl 
hence  with  them  also  the  optic  axial  angle;  indeed  a  change  of  axial  plane  or 
of  the  optical  character  is  thus  possible. 

For  example.  Des  Cloizeaux  gives  the  following  values  for  barite  :  2Er  =  ©8'  5'  at  12' 
C,  69*  49*  Ht  95-5%  74*  42'  at  195-8'.  Further,  Arzrunl  obtained  the  following  mcasuments 
of  the  refractive  indices  of  the  same  species  for  the  D  line :     , 

or  P  r  2E  2V 

At    20"  1-63809  1-63712  164795  64'    V  97*28' 

•*     50-  1-63575  1-63678  164726  88' 43* 

"   100'  163512  1-68612  1-64648  68*  61'  40"  15' 

•*   200"  1-68344  163474  1*64426  77M6' (204')  44^8* 

With  monoclinic  crystals,  one  ether-axis  must  coincide  at  all  temperatnre? 
with  the  axis  of  symmetry,  but  the  position  of  the  other  two  in  the  plane  vi 
symmetry  may  alter,  and  this  with  the  possible  change  in  the  value  of  the 
refractive  indices  may  cause  a  variation  in  the  degree  (or  kind)  of  dispersion  as 
well  as  in  the  axial  angle. 

With  trivlinic  crystals,  both  the  positions  of  the  ether-axes  and  the  valnes 
of  the  refractive  indices  may  change.  The  observed  optical  characters  may 
therefore  vary  widely. 
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5* 
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A  strikiug  example  of  the  chnuge  of  optical  characters  with  change  of  temperature  is 
fiiruished  by  gypsum,  as  investi^ted  by  Des  Cloizeaux.  At  ordinary  temperatures,  the 
4lispeniloi]  is  inclined,  the  axial  plane  is  |6  and  2Er  =  95°.  As  tlie  temperature  rises  tbia 
angle  diminishes  ;  thus  at  47°,  2Mr  =  76';  at  95'.  2Er  =  89';  and  at  116'.  2AV  =  0.  At  this 
i;isi  teinpeniture  the  axes  for  blue  rays  have  alreaiiy  sepnrated  in  a  plane  ±  b;  at  120'  the 
axes  for  red  rays  also  separate  in  this  plane  {±  b)  and  the  dispereion  becomes  horissontaL 
The  motion  towiinl  the  center  of  one  red  axis  is  more  rapid  than  that  of  the  olher,  numel/ 
between  20'  and  95'.  88'  55'  and  22'  88',  respectively;  thus  Bxr  moves  5'  38'. 

Another  interesting  case  is  that  of  glauberite.  Its  optical  characters  under  normal  con- 
<iitioiis  are  described  as  follows  :  Optically  — .  Ax.  pi.  i  6,  Bxar.  A  ^  =  —  81'  8',  Bxa.j 
=  —  80=  46'.  Bxa.bi  A  ^  =  —  30'  10'.  The  optical  character  (—)  and  ihe  position  of  the  uxen 
of  elasticity  remain  sensiblj^  constant  between  0'  and  100'.  The  ax.  pi.,  however,  at  firal 
i  b  with  horizontal  dispersion  nnd  «  <  p  becomes  on  rise  of  temperature  \b  with  inclined 
(iispersion  and  v>  p.  The  axial  angle  accordingly  diminishes  to  0'  at  a  temperature 
depending  upon  the  wave-length  and  then  increases  in  the  new  plane.  In  white  light^ 
therefore,  the  interference-figures  are  abnormal  and  change  with  rise  in  temperature.  Axiai 
angles,  Laspeyres : 

yellow  (Na) 
At    5'    2E  =  16'    6'  14'    8* 

11'  8' 
8'  y 
0' 

7' 14' 
18'  14' 

Des  Cloizeaux  found  that  the  feldspars,  when  heat«d  up  to  a  certain  point,  suffei  a 
chauge  in  the  position  of  the  axes,  and  if  the  heat  becomes  greater  and  is  long  continued 
(bey  do  not  return  again  to  their  original  position,  but  remain  altered. 

In  addition  to  the  typical  oases  referred  to,  it  is  to  be  noted  that  when  eleva- 
tion of  temperature  is  connected  with  change  of  chemical  composition  wide 
changes  in  optical  characters  are  possible.  This  is  illustrated  by  the  zeolites  and 
related  species,  where  the  effect  of  loss  of  water  has  been  particularly  investi- 
gated. 

Further,  with  some  crystals,  heat  serves  to  bring  about  a  change  of  molecular 
structure  and  with  that  a  total  change  of  optical  characters.  For  example,  the 
tn'oenish-yellow  (artificial)  orthorhombic  crystals  of  antimony  iodide  (Sbl,)  op 
heating  (to  about  114^)  change  to  red  uniaxial  hexagonal  crystals.  Note  also 
the  remarks  made  later  in  regard  to  the  effect  of  heat  upon  leucite  and  boracit* 
(Art.  411). 

406.  Some  Peealiarities  in  Axial  Interfttrtnoe-flgnrM.*— In  the  cise  of  uniaxial  crystals,  th« 
cbarticteristic  interference-figure  varies  but  little  from  one  species  to  another,  such  varia- 
tion as  is  observed  being  usually  due  to  the  thickness  of  the  section  and  the  birefringence. 
In  some  cases,  however,  peculiarities  are  noted.  For  example,  the  interference-figure 
of  apophyllite  is  somewhat  peculiar,  since  its  birefringence  is  very  weak,  and  it  may  b« 
optically  positive  for  one  part  of  the  spectrum  and  negative  for  the  other. 

In  the  case  of  biaxial  crystals,  peculiarities  are  more  common.  The  following  are  8om« 
typical  examples : 

Brookite  is  optically  -f  and  the  acute  bisectrix  is  always  normal  to  a  (100).  While,  how* 
ever,  the  axial  plane  is  \c  for  red  and  yellow,  with  2Er  =  55',  2Ey  =  SO**,  it  !s  commonly 
\h  for  green  ana  blue,  with  2Egr  =  84"*.  Hence  a  section  \a  in  the  conoscope  shows  a  figure 
somewhat  resembling  that  of  a  uniaxial  cry5«tal  but  with  four  sets  of  hyperbolic  bands. 

Tltanite  also  gives  a  peculiar  Interference-figure  with  colored  hyperbolas  because  of 
the  high  color-dispersion.  p>  v\  thus  Des  Cloizeaux  gives  2Er  =s  55**  to  56%  2Er  =  W\ 
the  dispersion  of  the  bisectrices  is.  however,  very  small. 

The  most  striking  cases  of  peculiar  axial  figures  are  afforded  by  twin  crystals  (Art.  407). 

406.  Relation  of  Optical  Properties  to  Chemical  Composition. — The  effect  of 
rarying  chemical  composition  upon  the  optical  characters  has  been  minutely 

*  Variatlonfl  In  the  axial  figures  embraced  under  the  head  of  optical  anomalies  are  spokec^ 
of  later  (Art.  411). 
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studied  in  the  case  of  many  series  of  isomorphons  salts,  asd  with  important 
results.*  It  is,  indeed,  only  a  part  of  the  general  subject  of  the  relation  between 
crystalline  form  and  molecular  structure  on  the  one  hand  and  chemical  comJ 
position  on  the  other,  one  part  of  which  has  been  discussed  in  Art.  302.  id 
was  shown  there  that  the  refractive  index  can  often  be  approximately  calculatedl 
from  the  chemical  composition. 

Amoug  mioeruls,  the  most  importaut  examples  of  the  relation  between  composition  »n(l 
optical  characters  are  afforded  by  the  trlcliuic  feldspars  of  the  albite-anorthite  seiit-s. 
Here,  as  explained  in  detail  in  the  descriptive  part  of  this  work,  the  relation  Is  so  cioW 
that  the  composition  of  any  iulermedjate  member  of  this  isomorphous  group  can  be  predicted 
from  the  position  of  iu  ether-axes,  or  more  simply  from  the  vibration-directions  on  tlie 
fundamental  cleavage-directions,  \6  (001)  and  {b  (010). 

The  effect  of  varying  amounts  of  iron  protoxide  (FeO)  is  illustrated  in  the  case  of  ih^ 
monocliuic  pyroxenes,  where,  for  example,  the  angle  Bx^  A  ^  is  86*  in  diopside  (2*9  p.  c 
FeO)  and  4tt'  in  hedenbergite  (26  p.  c.  FeO).  This  is  also  shown  in  the  closely  relHied 
orthorhombic  species  of  the  same  group,  enstatite,  MgSiOi  with  little  iron,  and  h^perstheLe, 
(Mg,Fe)SiOs  with  iron  to  nearly  80  p.  c.     With  Loth  of  these  species  the  axial  plane  ta 

rrallel  to  b  (010),  but  the  former  is  optically  4-  (Bx.  =  c)  and  the  dispersion  p  < «;  the  latter 
optically  —  (Bx^  =  a)  and  dispersion  p  >  «.     In  other  words,  the  optic  axial   angle 

increases  rapidly  with  the  FeO  percentage,  beinc  about  90'  for  FeO  =  10  p.  c    lu  llie  cr^se 

of  the  chrysolites,  the  epidotes,  the  species  triphylite  and  lithiophilite,  and  others,  analoguu^ 

relations  have  been  made  out.  I 

407.  Optical  Properties  of  Twin  Cry8tals.~Tbe  examination  of  sections  o( 
666.  twin  crystals  of  any  other  than  the  isometric 

system  in  polarized  light  serves  to  establish  th^ 
compound  character  at  once  and  also  to  show  thd 
relative  orientation  of  the  several  parts.  This  is 
most  distinct  in  the  case  of  contact-twins,  but  is 
also  well  shown  with  penetration-twins,  thou^l:: 
here  the  parts  are  usually  not  separated  by  a  sbai}! 
line. 

Thus  the  examination  of  a  section  parallel  to 
J  (010)  of  a  twin  crystal  of  gypsum,  of  the  tyie 
of  Fig.  555,  makes  it  easy  not  only  to  establish  the 
fact  of  the  twinning  but  also  to  fix  the  relati\e 
positions  of  the  ether-axes  in  the  two  parts.  Ti.« 
measurement  can  in  such  cases  be  made  betweeii 

the  extinction-directions  in  the  two  halves,  instead  of  between  one  of  these  and 

some  definite  crystallographic  line,  as  the  vertical  axis. 

The  polysynthetic  twiuniug  of  certain  si^ecies,  as  the  triclinic  feldspars,  appears  y>vh 

great  distinctness  in  polarized  light.   For  example,  iu  the  case  of  a  section  of  albite,  paralUi 

to  the  basal  cleavage,  the  alternate  bands  extinguish  together 

and  assume  the  same  tint  when  the  quartz  section  is  inserted. 

Hence  the  angle  between  these  directions  is  easily  meiisured, 

and  this  is  obviously  double  the  extinction-angle  made  with 

the  edge  b/c.    A.  basal  section  of  microcline  in  the  same  way 

shows  its  compound  twinning  according  to  both  the  albite  and 

pericline    laws,    the    cbaracteristrc    grating    structure    being 

clearly  revealed  in  polarized  light.     Fig.  656  of  a  section  of 

chondrodite  (from  Des  Cloizeaux)  shows  how  the  compound 

structure  is  shown  by  optical  examination  ;  the  position  of  the 

axial  plane  is  iudiciited  in  the  case  of  the  successive  polysyn- 
thetic lamellsB.     The  complex  penetration-twins  of  right- and 

left-handed  crystals  of  quartz  (see  the  description  of    that 

species)  also  have  their  character  strikingly  revealed  in  polar- 
ized liirht. 

Still  again,  the  true  structure  of  complex  multiple  twins,  exhibiting  pseud o-symmetr} 

*  See  a  recent  paper  by  Pockels.  Jb.  Min.,  Beil.Bd.,  8,  117,  1898. 
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in  ilielr  exterDal  form,  can  only  be  fully  made  out  in  this  way.  This  is  illustrated  by  Fig. 
■)',7.  a  basal  section  of  an  apparent  hexu^joiial  pyi-amid  of  witherite  (of.  Fig.  400,  p.  128). 
Thu  uQalogous  six-sided  pyramid  of  bromlite  (Fig.  558)  has  a  still  more  complex  structure, 

667.  658.  559 


ArVitherile.  Bromlite  (Des  Cloizeaux). 

as  shown  in  Fig.  559.  Fie.  560  shows  a  simple  crystal  of  stilbite;  Fig.  561  is  the  common 
type  of  twin-crystal,  and  Fie.  562  illustrates  how  the  complex  structure  (|6  010)  is  revealed 
in  polarized  light.     Other  illustrations  are  given  in  Art.  411.     It  will  be  understood  that 

561. 


560. 


662. 


563. 


Stilbite  (Lasaulx). 

:be  nxial  interference-figures  of  twin  crystals,  where  the  parts  are  superposed,  often  show 
nany  peculiarities;  the  Airjr  spirals  of  quartz  (p.  208)  will  serve  as  on  illustration. 

408.  A  particularly  interesting  case,  related  to  the  subject  discussed  in  the 
preceding  article,  is  that  of  the  special  properties  of  superposed  cleavage- 
sections  of  mica,  as  developed  by  Reusch.*  If  three  or 
more  of  these,  say  of  rectangular  form,  be  superposed  and 
so  placed  that  the  lines  of  the  axial  planes  make  equal 
angles  of  60""  (45'',  etc.)  with  each  other  the  effect  is  that 
polarized  light  which  has  passed  through  the  center 
suffers  circular  polarization,  with  a  rotation  to  right  or 
left  according  to  the  way  in  which  the  sections  are  built 
up.  The  interference-figure  resembles  that  of  a  section 
of  quartz  cut  normal  to  the  axis.  This  is  illustrated  in 
Fig.  563. 

If  the  sections  are  numerous  and  very  thin  the  imita- 
tion of  the  phenomena  of  quartz  is  closer.     As  shown  by 

♦  Reusch.  Pogg.  Ann.,  138,  628,  1869;   Sohncke,  ibid..  Erg.-Bd..  8,  16,  1876,  and 
rheorie  der  Krystallstniktur.  1879. 
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Sohncke  and  others,  these  facts  throw  much  light  npon  the  ultimate  molecular 
structure  of  a  crystallized  medium  showing  circular  polarization.  Further,  it 
is  easy  from  this  to  understand  how  it  is  possible  to  have  in  sections  of  certain 
crystals  (e.g.,  of  clinochlore)  portions  which  are  biaxial  and  others  that  are  uni- 
axial, the  latter  being  due  to  an  intimate  twinning  after  this  method  of  biaxial 
portions. 

409.  Optioal  Fropertiet  of  CrTttaUine  Aggregatei.— The  special  optical  pheuomeDa  of  (iie 
differenl  kinds  of  crystalliue  aggregHt«8  described  ou  pp.  142,  143.  and  ibe  exuui  to  which 
their  optical  characters  can  be  determined,  depend  upon  the  distinctness  iu  the  developnieut 
of  the  individuals  and  their  relative  orientation.  The  case  of  ordinary  granular,  tibrous.  or 
columuar  aggregates  needs  no  special  discussion.  Where,  however,  the  doubly  refractini,' 
gmins  nre  extremely  small,  the  microscope  may  hardly  serve  to  do  more  than  to  show  the 
aggregaU  polatieation  present. 

A  case  of  special  interest  is  that  of  spherulites,  that  is.  aggregates  spherical  in  form  and 
radiated  or  concentric  in  structure;  such  aggregates  occur  with  calcite,  various  chloriies. 
feldspars,  etc.  If  they  are  formed  of  a  doubly  refracting  crystalline  mineral,  or  of  an 
amorphous  substance  which  has  blrefringent  characters  due  to  internal  tension,  they  com- 
monly exhibit  a  dark  cross  in  the  microscope  between  crossed  nicols;  further,  this  cross,  as 
the  section  is  revolved  on  the  stage,  thouffb  actually  stationary,  seems  to  rotate  backward.* 

A  distinct  and  more  special  case  is  that  of  spherical  aggregates  of  a  mineral  optically 
uniaxial  (or  biaxial  with  a  small  angle).  Sections  of  these  (not  central)  in  parallel  polarize! 
light  show  more  or  less  distinctly  the  interference-figure  of  a  uniaxial  cryslal.f  The 
objective  must  be  focussed  on  a  point  a  little  removed  from  the  section  itself,  say  ou  the 
surface  of  the  sphere  of  which  it  is  a  part.  In  such  cases  the  +  or  —  character  of  the 
double  refraction  can  be  determined  as  usual. 

410.  Change  of  Optical  Chsraoter  Indaoad  by  Presiare. — As  the  difference  between  the 
optical  phenomena  exhibited  by  an  isometric  crystal  on  the  one  hand  and  a  uniaxial  or 
biaxial  crystal  on  the  other  is  referred  to  a  difference  in  molecular  structure  modifying  the 
properties  of  the  ether,  it  would  be  inferred  that  if  an  amorphous  substance  were  subjected 
to  conditions  tending  to  develop  an  analogous  difference  in  its  molecular  structure  it  would 
also  show  doublv  refracting  properties. 

This  is  found  to  be  the  case.  Glass  which  has  been  suddenly  cooled  from  a  state  of 
fusion,  and  which  is  therefore  characterized  by  strong  internal  tension,  usually  shows 
marked  double  refraction.  Further,  glass  plates  subjected  to  great  mechanical  pressure  in 
one  direction  show  in  polarized  light  more  or  less  distinct  interference-curves.  Gelatiur* 
sections,  also,  under  pressure  exhibit  like  phenomena.  Even  the  strain  in  a  glass  bli>ck 
developed  under  the  influence  of  unlike  charges  of  electricity  of  great  difference  of  potential 
on  its  opposite  sides  is  sufficient  to  make  it  doubly  refracting. 

In  an  analogous  manner,  as  shown  by  Klein,  BQ eking,  and  others.^  the  double  refraction 
of  a  crystal  may  be  changed  by  the  application  of  mechanical  force.  Klein  found  that 
pressure  exerted  normal  to  the  vertical  axis  of  a  section  of  a  tetragonal  or  hexagonal  crystal 
which  has  been  cut  j.  h,  changes  the  uniaxial  interference- figure  into  a  biaxial,  and  wiiU 
substances  optically  positive,  the  plane  of  the  optic  axes  was  parallel,  and  with  negative 
substances  normal,  to  the  direction  of  pressure. 

The  quartz  crystals  in  rocks,  which  have  been  subjected  to  great  pressure,  are  often  found 
to  be  in  an  abnormal  state  of  tension,  showing  an  undulatory  extinction  in  polarized  light. 

411.  Optical  Anomalies. — Since  the  early  investigations  of  Brewster. 
Herschel,  and  others  (1815  et  se^.)  it  has  been  recognized  that  many  crystals 
exhibit  optical  phenomena  which  are  not  in  harmony  with  the  apparent 
symmetry  of  their  external  form.  Crystals  of  many  isometric  species,  aji 
analcite,  alum,  boracite,  garnet,  etc.,  often  show  more  or  less  pronounce«i 
double  refraction,  and  sometimes  they  are  distinctly  uniaxial  or  biaxial.  A 
section  examined  in  parallel  polarized  light  may  show  more  or  less  sharply 

*Cf.  Roscnbusch,  Mikr.  Phvs..  eSfitseq.,  1893. 

tBertrnnd.  C.  R.,  94.  542.  1882:  Mallard.  Bull.  Soc.  Min.,  4,  67.  1881. 

i  This  subjec*  bus  been  discussed  by  various  Jiuthors.  amonir  whom  (in  recent  years)  aic 
the  following:  Klocke.  Jl».  Min..  2.  249.  1881:  Backing.  Zs.  Krvst..  7.  555.  1888;  Brauns, 
Jb.  Min.,  1.  232,  1886:  Klein,  Ber.  Ak.  Berlin.  724.  1890;  Pockels.  Wied.  Ann.,  37.  144, 
etc.,  1889;  39,  440,  1890;  Jb.  Min..  Beil.-Bd.,  8,  217.  1898.     See  also  literature  on  p.  231. 
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defined  donblj  refracting  areas,  or  parallel  bands  or  lamellad  with  varying 
extinction.  Occasionally,  as  noted  by  Klein  in  the  case  of  garnet,  while  most 
crystals  are  normally  isotropic,  others  show  optical  characters  which  seem  to 
be  determined  by  the  external  bounding  faces  and  edges;  thus,  a  dodecahedron 
may  appear  to  l>e  made  up  of  twelve  rhombic  pyramids  (biaxial)  whose  apices 
are  at  tne  center;  a  hexoctahedron  similarly  may  seem  to  be  made  up  of  forty- 
eight  triangular  pyramids,  etc. 

Similarly,  crystals  of  many  common  tetragonal  or  hexagonal  species,  as 
vesuvianite,  zircon,  beryl,  apatite,  corundum,  chabazite,  etc.,  give  interference- 
figures  resembling  those  of  biaxial  crystals.  Also,  analogous  contradictions 
bi  tween  form  ana  optical  characters  are  noted  with  crystals  of  orthorhombic 
and  monoclinic  species,  e.g.,  topaz,  uatrolite,  orthoclase,  etc.  All  cases  such  as 
those  mentioned  are  embraced  under  the  common  term  of  optical  anomalies. 

This  subject  has  been  minutely  studied  by  manv  investigators  in  recent 
years  (see  literature),  and  important  additions  have  been  made  to  it  both  on 
^'le  practical  and  the  theoretical  side.  The  result  is  that,  though  doubtful 
ciises  still  remain,  many  of  the  typical  ones  have  found  a  satisfactory  ex- 
]»lanation.     No  single  theory,  however,  can  be  universally  applied. 

The  chief  question  involved  has  been  whether  the  anomalies  are  to  be 
considered  as  secondary  and  non-essential,  or  whether  they  belong  to  the 
inherent  molecular  structure  of  the  crystals  in  question.  On  the  one  hand, 
it  has  been  urged  that  internal  tension  suffices  (Art.  410)  to  call  out  double 
refraction  in  an  isotropic  substance  or  to  give  a  uniaxial  crystal  the  typical 
optical  structure  of  a  biaxial  crystal.  On  the  other  hand,  it  is  equally  clear 
liiat  twinning  often  produces  pseudo-symmetry  in.  external  form,  and  at  tho 
same  time  conceals  or  changes  the  optical  characters.  From  the  simplest  case^ 
a!<  that  of  aragonite  (Fig.  397),  we  pass  to  more  complex  cases,  as  witherite 
(Figs.  400,  401,  and  557),  bromlite  (Figs.  558,  559),  phillipsite  (Figs.  362, 
4J'?-424),  which  last  is  sometimes  pseudo-isometric  in  form,  though  optical 
study  shows  the  monoclinic  character  of  the  individuals.*  Reasoning  from 
t}:e  analogy  of  these  last  cases.  Mallard  was  led  (1876)  to  the  theory  that  tho 
optical  anomalies  could  in  most  cases  be  explained  by  the  assumption  of  a 
similar  but  still  more  intimate  grouping  of  molecules  which  themselves  without 
ti.is  would  unite  to  form  crystals  of  a  lower  grade  of  symmetry  than  that  which 
tl.eir  complex  twinned  crystals  actually  simulate. 

In  regard  to  the  two  points  of  view  mentioned,  it  seems  probable  that 
internal  tension  (due  to  pressure,  sudden  cooling,  or  rapidity  of  growth,  etc.) 
Qan  be  safely  appealed  to  to  explain  the  anomalous  optical  character  of  many 
?[>ecie8,  as  diamond,  halite,  beryl,  quartz,  etc.  Again,  it  has  been  fully  proved 
that  the  later  growth  of  isomorphous  layers  of  varying  composition  may 
produce  optical  anomalies,  probably  here  also  to  be  referred  to  tension.  Alum 
is  a  striking  example.  The  peculiarities  of  this  species  were  early  investigated 
f'V  Biot  and  made  by  him  the  basis  of  his  theory  of  "lamellar  polarization,'*' 
but  the  present  explanation  is  doubtless  the  true  one.  Fig.  564  (from  Brauns) 
shows  the  appearance  in  polarized  light  of  a  section  ||  o  (1 11)  from  a  crystal  in 
irhich  the  successive  layers  have  different  composition.  Further,  according  to 
Brauns  the  optical  peculiarities  of  many  other  species  may  be  referred  to  this 
uime  cause.  He  includes  here,  particularly,  those  cases  (as  with  some  garnets) 
n  which  the  optical  characters  seem  to  depend  upon  the  external  form,  as 


*  Crystals  showing  pseudo-symmetry  of  highly  complex  type  are  called  mimetic  crystals 
>y  Tschermak. 
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noted  above.  Here  belongs  also  apophyllite,  a  section  of  which  (from  Golden. 
Colo.,  by  Klein)  is  shown  in  Pig.  565.  The  section  has  been  en t  y  6- (001) 
through  the  center  of  the  crystal  and  is  represented  as  it  appears  in  parallel 
polarized  light. 


664. 


666. 


Alum.  I  111. 


Apophyllite.  |  001. 


666. 


Leucite.  |  100. 


Another  quite  distinct  but  most  important  class  is  that  including  species 
«uch  as  boracite  and  leucite,  which  are  dimorphous ;  that  is,  those  species 
which  at  a  certain  elevation  of  temperature  (300  for  boracite  and  500°  to  60(r 
for  leucite)  become  strictly  isotropic.  Under  ordinary  conditions,  these  species 
are  anisotropic,  but  the  fact  stated  makes  it  probable  that  originally  their 
iirystalline  form  and  optical  characters  were  in  harmony.  The  relations  for 
leucite  deserve  to  be  more  minutely  stated. 

Leucite  usually  shows  very  feeble  double  refraction:  fi>  =  1-508.  e  =  1509  Tlii< 
jinomalous  double  refraction,  early  noted  (Brewster,  Biot),  was  variously  explained.  In  lb^7:3. 
Ratb,  on  the  basis  of  careful  measurements,  referred  the  scemintrly  isometric  crystals  to  ilif 
tetragonal  system,  the  tmpezohedral  face  112  being  taken  as  ill,  and  211,  121  }is  421.  241, 
respectively:  also  101,  Oil  as  201.  021.  Later  Weisbach  (1880),  on  the  same  pround.  made 
them  orilioihombic;  Mallard,  however,  referred  them  (1876).  chiefly  on  optical  grounds,  ro 
the  monoclinic  system,  and  Fouqu6  and  Levy  (1879)  to  the  triclinic.  The  true  symmetry, 
corresponding  to  the  molecular  structure  which  they  possess  or  tend  to  possess  at  ordinarv 
temperatures,  is  in  doubt,  but  it  ha«  been  shown  (Klein,  Penticld)  thnt  at  500"*  to  6U0 
sections  become  isotropic;  and  further  (Rosmbusch).  that  the  twinning  striaiions  disapp«ir 
on  heating,  to  reappear  again  in  new  position  on  cooling.  Sections  ordinarily  show 
twinuing-lamellfle  |  tl(llO);  in  some  cases  a  bisectrix  (-}-)  is  normal  to  what  corresponds  to 
a  cubic  fnce,  the  axial  angle  beinjr  very  small.  The  structure  corresponds  in  general 
(Klein)  to  the  intcrpenetratioii  of  three  crystals,  in  twinning  position  |  rf,  which  may  be 
eqmdly  or  unequally  developed;  or  there  may  be  one  fundamental  individual  withinclosetl 
iwinning-lamellce.  Fig.  566  shows  a  section  of  a  crystal  (|  a,  100)  which  is  apparently 
made  up  by  the  twinning  of  three  individuals. 

Still  again,  in  a  limited  number  of  cases  it  can  be  shown  that  the  inter- 
growth  of  lamellae  having  slightly  different  crystallographic  orientation  is  the 
cause  of  the  optical  peculiarities.  Prehnite  is  a  conspicuous  example  of 
this  class. 

After  all  the  various  possible  explanations  have  been  applied  there  still 
remain,  however,  many  species  about  which  no  certain  conclusion  can  be 
reached.  This  is  true,  for  example,  of  perovskite.  To  many  of  these  species 
the  theory  of  Mallard  may  probably  be  applicable.  Indeed  it  may  be  addeil 
that  much  difference  of  opinion  still  exists  as  to  the  cause  of  the  "optical 
anomalies'^  in  a  considerable  number  of  cases. 
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IV.   CHARACTERS   DEPENDING  UPON  HEAT. 

412.  The  more  important  of  the  special  properties  of  a  mineral  species  with 
-aspect  to  heat  include  the  following:  Fusibility;  conductivity  and  expansion, 
^-specially  in  their  relation  to  crystalline  structure;  change  in  optical  characters 
with  change  of  temperature;  specific  heat;  also  diathermancy,  or  the  power 
>f  transmitting  radiation,  that  is,  ether-waves.     The  full  discussion  of  these 


*  A  complete  bibliograpby  Is  given  in  tbe  memoir  by  Brauns  (1891),  see  below. 
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and  other  related  subjects  lies  outside  of  the  range  of  the  present  text-book. 
A  few  brief  remarks  are  made  upon  them,  and  beyond  these  reference  must  be 
made  to  text-books  on  Physics  and  to  special  memoirs,  some  of  which  are  men- 
tioned in  the  literature  (p.  233). 

413.  FiMibility. — The  approximate  relative  fusibility  of  different  minerals 
is  an  important  character  in  distinguishing  different  species  from  one  another 
by  means  of  the  blowpipe.  For  this  purpose  a  scale  is  conveniently  used  for 
comparison,  as  explained  in  the  articles  later  devoted  to  the  blowpipe.  Accurate 
determinations  oi  the  fusibility  are  difficult,  and  though  of  little  importance 
for  the  above  object,  they  are  interesting  from  a  theoretical  standpoint.  Thev 
have  been  attempted  by  various  authors,  for  example  by  Joly,  wno  employed 
the  "meldometer'^  for  this  end.  This  consisted  of  a  strip  of  platinum  in 
which  the  mineral  in  powder  was  inclosed;  it  was  heated  to  the  necessary 
point  by  an  electrical  current.  He  obtained  the  following  values  for  the 
minerals  used  in  von  Kobeirs  scale  (Art.  474):  Stibnite,  525° ;  natrolite,  965^; 
almandite,  1265**;  actinolite,  1296°;  orthoclase,  1175°;  bronzite,  1300°;  also 
for  quartz,  1430°. 

414.  Gondnotivity. — The  conductingpower  of  different  crystallized  media 
was  early  investigated  by  S6narmont.  He  covered  the  faces  of  the  substance 
under  investigation  with  wax  and  observed  the  form  of  the  figure  melted  by  :i 
hot  wire  placed  in  contact  with  the  surface  at  its  middle  point.  Later  inves- 
tigations nave  been  made  by  Rontgen  (who  modified  the  method  of  Senarraont), 
by  Jannettaz,  and  others.  In  general  it  is  found  that,  as  regards  their  thermal 
conductivity,  crystals  are  to  be  divided  into  the  three  classes  noted  on  p.  10*2. 
In  other  words,  the  conductivity  for  heat  seems  to  follow  the  same  general  laws 
as  the  propagation  of  light.  It  is  to  be  stated,  however,  that  experiments  by 
8.  P.  Thompon  and  0.  J.  Lodge  have  shown  a  different  rate  of  conductivity  in 
tourmaline  in  the  opposite  directions  of  the  vertical  axis. 

415.  Expansion. — Expansion,  that  is,  increase  in  volume  upon  rise  of 
temperature,  is  a  nearly  universal  property  for  all  solids.  The  increment  of 
volume  fgv  the  unit  volume  in  passing  from  0°  to  1°  C.  is  called  the  coefficient 
of  expansion.  This  quantity  has  been  determined  for  a  number  of  specits. 
Further,  the  relative  expansion  in  different  directions  is  found  to  obey  tl)e 
same  laws  as  the  light-propagation.  Crystals,  as  regards  heat-expansion,  are 
thus  divided  into  the  same  three  classes  mentioned  on  p.  192  and  referred  to 
in  the  preceding  article. 

The  amount  of  expansion  varies  widely,  and,  as  shown  by  Jannettaz,  is 
influenced  particularly  by  the  cleavage.  Mitscherlich  found  that  in  calcite 
there  was  a  diminution  of  8'  37"  in  the  angle  of  the  rhonibohedron  on  passing 
from  0°  to  100°  C,  the  form  thus  approaching  that  of  a  cube  as  the  tempera- 
ture increased.  The  rhombohedron  of  dolomite,  for  the  same  range  of  tem- 
perature, diminishes  4'  46";  and  in  aragonite,  for  a  rise  in  temperature  from 
21°  to  100°,  the  angle  of  the  prism  diminishes  2'  46".  In  some  rhombohedron s, 
as  of  calcite,  the  vertical  axis  is  lengthened  (and  the  lateral  shortened),  while 
in  others,  like  quartz,  the  reverse  is  true.  The  variation  is  such  in  both  cases 
that  the  birefringence  is  diminished  with  the  increase  of  temperature,  for 
calcite  possesses  negative  double  refraction,  and  quartz,  positive. 

It  is  to  be  noted  that  in  general  the  expansion  by  heat,  while  it  may  serve 
to  alter  the  angles  of  crystals,  other  than  those  of  the  isometric  system,  does 
not  alter  the  zone-rehitions  and  the  crystalline  symmetry.  In  certain  cases, 
however,  the  effect  of  heat  may  be  to  give  rise  to  twinning-lnmellae  (as  in 
anhydrite)  or  to  cause  their  disappearance  (as  in  calcite).     Rjirely  heat  serv^ 
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to  develop  a  new  molecular  structure;  thus,  as  explained  in  Art.  411,  boracite 
and  leucite,  which  are  anisotropic  at  ordinary  temperatures,  become  isotropic 
when  heated,  the  former  to  300''  the  latter  to  500°  or  600°.  The  change  in 
the  optical  properties  of  crystals  produced  by  heat  has  already  been  noticed 
(Art.  404). 

416.  Specific  Heat. — Determinations  of  the  specific  heat  of  many  minerals 
have  been  made  by  Joly,  by  Oeberg,  and  others.  Some  of  the  results  reached 
are,  as  follows  : 


Joly. 

Oeberg. 

Joly.                   Oeberg. 

Gatena,  crpsL                     00541 
Chalcopynte                       0  1271 

— 

Orthoclaae 

0-1869                 0-187  r 

01291 

Albite 

01988               01970 

Pyriie                                  01806 

— 

Amphibole. 

black 

01968  Augite  0  1880 

Hematite                             01688 

01645 

Beryl 

0-2066               011)79 

Garnet,  red  eryit.  01780-0-1798 

01768 

Calcite 

0-2084- 

-0-2044               0-2042 

Epidoie                               0-1877 

0-1861 

Arngonite 

0-2086                  — 

417.  Diathermancy. — Besides  the  slow  molecular  propagation  of  heat  in  a 
body,  measured  by  its  thermal  conductivity,  there  is  also  to  be  considered  the 
rapid  propagation  of  what  is  called  radiant  heat  througjh  it  by  the  wave- 
motion  of  the  ether  which  surrounds  its  molecules.  This  is  merely  a  part  of 
the  general  subject  of  light-propagation  already  fully  discussed,  since  heat- 
waves, in  the  restricted  sense,  differ  from  light-waves  only  in  their  relatively 
greater  length.  The  degree  of  absorption  exerted  by  the  body  is  measured  by 
its  diathermancy,  which  corresponds  to  transparency  in  light.  In  this  sense 
lialite,  sylvite,  and  fluorite  are  highly  diathermanous,  since  they  absorb  but 
little  of  the  heat-waves  passing  through  them;  on  the  other  hand,  selenite  and, 
still  more,  alum  are  comparatively  athermanotis,  since  while  transparent  to  the 
8hort  light-waves  they  absorb  the  long  heat-waves,  transforming  the  energy 
into  that  of  sensible  heat.  Measurements  of  the  diathermancy  were  early  made 
by  Melloni,  later  by  Tyndall,  Langley,  and  others. 
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V.    CHARACTERS  DEPENDING  UPON    ELECTRICITY 
AND   MAGNETISM. 

1.  ELECTRICITY. 

418.  Eleotrioal  Conduotivity. — The  subject  of  the  relative  conducting  power 
of  different  minerals  is  one  of  minor  interest.*  In  general  most  minerals, 
except  those  having  a  metallic  luster  among  the  sulphides  and  oxides,  are  non- 
conductors. Only  the  non-conductors  can  show  pyro-electrical  phenomena, 
and  only  the  conductors  can  give  a  thermo-electric  current. 

419.  Fiictional  Electricity. — The  development  of  an  electrical  charge  on 
many  bodies  byfricHo7i  is  a  familiar  subject.  All  minerals  become  electric  by 
friction,  although  the  degree  to  which  this  is  manifested  differs  widely.  There 
is  no  line  of  distinction  among  minerals,  dividing  them  into  positively  electric 
and  negatively  electric;  for  both  electrical  states  may  be  presented  by  different 
varieties  of  the  same  species,  and  by  the  same  variety  in  different  states.  The 
gems  are  in  gefteral  positively  electric  only  when  polished;  the  diamond,  how- 
ever, exhibits  positive  electricity  whether  polished  or  not.  It  is  a  familiar  fact 
that  the  electrification  of  amber  upon  friction  was  early  observed  (600  B.  C), 
and  indeed  the  Greek  name  (//Ae/crpov)  later  gave  rise  to  the  word  electricity. 

420.  Pyro-electricity. — The  simultaneous  development  of  plus  and  minus 
charges  of  electricity  on  different  parts  of  the  same  crystal  when  its  tempera- 
ture is  suitably  changed  is  called  pyro-electricity.  Crystals  exhibiting  such 
phenomena  are  said  to  be  pyro-electric.  This  phenomenon  was  first  observed 
in  the  case  of  tourmaline,  which  is  rhombohedral-hemimorphic  in  crystalliza- 
tion, and  it  is  particularly  marked  with  crystals  belonging  to  groups  of  relatively 
low  symmetry,  especially  those  of  the  hemimorphic  type.  It  is  possible,  of 
course,  only  with  non-conductors.  This  subject  was  early  investigated  by 
Riosrf  and  Rose  (1843),  later  by  Haukel,  also  by  C.  Friedel,  Kundt,  and  others 
(see  literature). 

In  all  cases  it  is  true  that  directions  of  like  crystallographic  symmetry  show 
charges  of  like  sign,  while  unlike  directions  may  exhibit  opposite  charges. 
Substances  not  crystallized  cannot  show  pyro-electricity.  A  few  of  the  many 
possible  examples  will  serve  to  bring  out  the  most  essential  points. 

Boraciie  (isometric-tetrahedral,  p.  46)  on  heating  exhibits  +  electricity  on 
one  set  of  tetrahedral  faces  and  —  electricity  on  the  other.     Cf.  Fig.  567. 

Tourmaline  (rhonibohedral-heniimorphic,  p.  79)  shows  opposite  charges  at 
the  opposite  extremities  of  the  vertical  axis  corresponding  to  its  hemimorphic 
crystallization.  In  this  and  in  other  similar  cases,  the  extremity  which 
becomes  positive  on  heating  has  been  called  the  analogous  pole,  and  that  which 
becomes  negative  has  been  called  the  antilogous  pole. 

Calamine  and  struvite  (orthorhombic-hemimorphic,  p.  95)  exhibit  phenom- 
ena analogous  to  these  of  tourmaline. 

Quartz  (rhombohedral-trapezohedral,  p.  82)  shows  +  electricity  on  heating 
at  the  three  alternate  prismatic  edges  and  —  electricity  at  the  three  remaining 
edges  ;  the  distribution  for  right-handed  crystals  is  opposite  to  that  of  left- 
handed.    Twins  may  exhibit  a  high  degree  of  complexity.     Cf.  Figs.  568,  569. 

Axinite  (triclinic,  p.  107),  when  heated  to  120°  or  130°,  has  an  analogous 
pole  (Riess  &  Rose)  at  the  solid  angle  rxM'\  the  antilogous  pole  at  the  angle 
mr'M'  near  plane  n. 

A  very  convenient  and  simple  method  for  investigating  the  phenomena  is 

♦  On  the  conductivity  of  minerals,  see  Beijeiin<  k.  Jb.  Min.,  Bci!  -Bd.  11,  408.  1898. 
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the  following,  which  is  due  to  Kundt:  First  heat  the  crystal  or  section  care- 
fully in  an  air-bath;  pass  it  several  times  through  the  flame  of  an  alcohol 
lamp  and  then  place  it  on  a  little  upright  cylinder  of  brass  to  cool.  While 
cooling,  a  mixture  of  red  lead  and  sulphur  finely  .pulverized  and  previously 
agitated  is  dusted  over  it  through  a  fine  cloth  from  a  suitable  bellows.     The 


667. 


668. 


669. 


positively  electrified  red  lead  collects  on  the  parts  having  a  negative  charge, 
and  the  negatively  electrified  snlpluir  on  those  with  a  positive  charge.  This  is 
illustrated  by  Figs.  567-569,  and  still  better  by  the  illustrations  given  by  Kundt 
and  others.    (Cf.  Plate  III  of  Groth,  Phys.  Kryst.,  1895.) 

421.  Piezo-electricity. — The  name  piezo-electricity  has  been  given  to  the 
development  of  electrical  charges  on  a  crystallized  body  by  pressure.  This  is 
shown  by  a  cleavage-mass  of  calcite,  also  by  topaz.  This  phenomenon  is  most 
interesting  where  a  relation  can  be  established  between  th^  electrical  excite- 
ment and  the  molecular  structure,  as  is  conspicuously  true  with  quartz,  tour- 
maline, and  some  other  species. 

This  subject  has  been  investigated  by  Hankel,  Curie,  and  others,  and 
discussed  theoretically  by  Lord  Kelvin  (see  literature).  Hankel  has  also 
employed  the  term  actino-electricityy  or,  better y  photo-electricity ,  for  the  phenom- 
enon of  calling  out  of  an  electrical  condition  oy  the  influence  of  direct  radia- 
tion ;  fluorite  is  a  conspicuous  example. 

422.  Eontgen-rays  in  Mineralogy. — The  power  of  different  minerals  to 
transmit  the  so-called  X-rays,  or  Rontgen-rays,  emitted  from  a  suitable  vacuum- 
tube  during  the  discharge  of  an  induction-coil  has  been  investigated  by 
Doelter.*  He  has  found,  for  example,  that  sulphur,  beryl,  epidote,  pyrite,  etc., 
are  nearly  opaque;  tourmaline  less  so;  fluorite  transmits  the  rays  slightly,  the 
feldspars  and  quartz  better;  corundum  is  nearly  transparent  and  diamond  and 
graphite  are  highly  so.  Diamond  is  easily  distinguished  in  this  way  from  its 
imitations,  which  are  relatively  highly  opaque. 

423.  Thermo-electricity. — The  contact  of  two  unlike  metals  in  general 
results  in  electrifying  one  of  them  positively  and  the  other  negatively.  If, 
further,  the  point  of  contact  be  heated  while  the  other  parts,  connected  with 
a  wire,  are  kept  cool,  a  continuous  current  of  electricity — shown,  for  example, 
by  a  suitable  galvanometer — is  set  up  at  the  expense  of  the  heat-energy  sup- 
plied. If,  on  the  other  hand,  the  point  of  junction  is  cooled,  a  current  is  set 
up  in  the  reverse  direction.  This  phenomenon  is  called  thermo-ehctr icily ^ 
and  two  metals  so  connected  constitute  a  thermo-electric  couple.  Further  it 
is  found  that  different  conductors  can  be  arranged  in  order  in  a  table — a  so- 


♦  Jb.  Min.,  2,  87,  1896 ;  1.  256,  1897.    Also  Goodwiu,  Nature,  April  30,  1896. 
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called  thermo-electric  series — ^according  to  the  direction  of  the  current  set  up 
on  heating  and  according  to  the  electromotive  force  of  this  current.  Among 
the  metals,  bismuth  (-|-)  and  antimony  (— )  stand  at  the  opposite  ends  of  the 
series;  the  current  passes  through  the  connecting  wire  from  antimony  lo 
bismuth. 

This  subject  is  so  far  important  for  mineralogy,  as  it  was  shown  by  Bunsen 
that  the  natural  metallic  sulphides  stand  farther  off  in  the  series  than  bismuth 
and  antimony,  and  consequently  by  them  a  higher  electromotive  force  is 
produced.  The  thermo-electrical  relations  of  a  large  number  of  minerals  were 
determined  by  Flight. 

It  was  early  observed  that  some  minerals  have  varieties  which  are  both  + 
and  — .  Rose  attempted  to  establish  a  relation  between  the  plus  and  minus 
pyritohedral  forms  of  pyrite  and  cobaltite,  and  the  positive  or  negative  thermo- 
electrical  character.  Later  investigations  by  Schrauf  and  Dana  have  shown, 
however,  that  the  same  peculiarity  belongs  also  to  glaucodot,  tetradymite, 
skutterudite,  danaite,  and  other  minerals,  and  it  is  demonstrated  by  them  that 
it  cannot  be  dependent  upon  crystalline  form,  but  rather  upon  chemical 
composition. 
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2.  Magnetism. 

424.  Magnetic  Minerals.  Natural  Magnets  —A  few  minerals  in  their  natural 
state  are  capable  of  being  attracted  by  a  strong  steel  magnet;  they  are  said  to 
be  rnngnetic.  This  is  conspicuously  true  of  magnetite,  the  magnetic  oxide  of 
iron ;  also  of  pyrrhotite  or  magnetic  pyrites,  and  of  some  varieties  of  native 
platinum  (especially  the  variety  called  iron-platinum). 

A  number  of  other  minerals,  as  hematite,  franklinite,  etc.,  are  in  some 
cases  attracted  by  a  steel  magnet,  but  probably  in  most  if  not  all  cases  because 

*  See  Liebiscb,  Pbys.  Krystallograpbie,  1891,  for  a  full  disruasion  of  the  topics  briefly 
touched  upon  in  the  preceding  pages,  also  for  refereuces  to  original  articlcf*. 
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of  admixed  magnetite  (but  see  Art.  426).  Occasional  varieties  of  the  three 
minerals  mentioned  above,  as  the  lodestoue  variety  of  magnetite^  exhibit  them- 
ifeJves  the  attracting  power  and  polarity  of  a  true 'magnet.  They  are  then 
called  natural  magnets,  in  such  cases  the  magnetic  polarity  has  probably 
Lceii  derived  from  the  inductive  action  of  the  earth,  which  is  itself  a  huge 
magnet. 

425.  Paramagnetism.  Siamagnetism. — In  a  very  strong  mas^netic  field,  as 
that  between  the  poles  of  a  very  powerful  electromagnet,  all  minerals,  as 
indeed  all  other  substances,  are  influenced  by  the  magnetic  force.  According 
to  their  behavior  they  are  divided  into  two  classes,  the  paramagnetic  and 
di'i magnetic;  those  of  the  former  appear  to  be  attracted,  those  of  the  latter  to 
be  repelled.  For  purposes  of  experiment  the  substance  in  question,  in  the  form 
of  a  rod,  is  suspended  on  a  horizontal  axis  between  the  poles  of  the  magnet. 
If  paramagnetic,  it  takes  a  position  parallel  to  the  magnetic  axis ;  if  diamagnetic, 
it  sets  transversely  to  it.  Iron,  cobalt,  nickel,  manganese,  platinum  are 
paramagnetic;  silver,  copper,  bismuth  are  diamagnetic.  Among  minerals 
compounds  of  iron  are  paramagnetic,  as  siderite,  also  diopside;  further  beryl, 
dioptase.     Diamagnetic  species  include  calcite,  zircon,  wulfenite,  etc. 

By  the  use  of  a  sphere  it  is  possible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experiment 
lins  shown  that  in  isometric  crystals  the  magnetic  induction  is  alike  in  all 
ilirections;  in  those  optically  uniaxial,  that  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  minimum  magnetic  induction;  in  biaxial  crystals, 
thjit  there  are  three  unequal  magnetic  axes,  the  position  of  which  may  be 
<i<'termined.  In  other  words,  the  magnetic  relations  of  the  three  classes  of 
<  rystals  are  analogous  to  their  optical  relations. 

426.  Corresponding  to  the  facts  just  stated,  that  all  compounds  of  iron  are 
]<aramagnetic,  it  is  found  that  a  sufficiently  powerful  electromagnet  attracts 
all  minerals  containing  iron,  though  except  in  the  cases  given  in  Art.  424  a 
bar  magnet  has  no  sensible  influence  upon  them;  hence  the  efficiency  of  the 
electromagnetic  method  of  separating  ores. 

Plucker*  determined  the  magnetic  attraction  of  a  number  of  substances 
compared  with  iron  taken  as  100,000.  For  example,  for  magnetite  he  obtained 
40,-327;  for  hematite,  crystallized,  633,  massive,  134;  limonite,  71;  pyrite,  150. 
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VI.  TASTE  AND  ODOR 

In  their  action  npon  the  senses  a  few  minerals  possess  ttute,  and  others 
under  some  circnmstances  give  off  odor, 

427.  Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  reference  are  as  follows: 

1.  Astringent:  the  taste  of  vitriol. 

2.  Sweetish  astrinaent:  taste  of  alum. 

3.  Saline  :  taste  oi  common  salt. 

4.  Alkaline  :  taste  of  soda. 

5.  Cooling :  taste  of  saltpeter. 

6.  Bitter:  taste  of  Epsom  salts. 

7.  Sour :  taste  of  sulphuric  acid. 

428.  Odor. — Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the 
dry  unchanged  state  do  not  eive  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids,  odors 
are  sometimes  obtained  which  are  thus  designated: 

1.  Alliaceous:  the  odor  of  garlic.  Friction  of  arsenical  iron  elicits  liiis 
odor;  it  may  also  be  obtained  from  arsenical  compounds  by  means  of  heat. 

2.  Horse-radish  odor:  the  odor  of  docuying  horse-radish.  This  odor  is 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphurous  :  friction  elicits  this  odor  from  pyrite,  and  heat  from  maiiy 
sulphides. 

4.  Bituminous :  the  odor  of  bitumen.  | 

5.  Fetid :  the  odor  of  sulphureted  hydrogen  or  rotten  eggs.  It  is  elicited 
by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  Argillaceous:  the  odor  of  moistened  clay.  It  is  obtained  from  serpent- 
ine and  some  allied  minerals,  after  moistening  them  with  the  breath ;  otlurs. 
as  pyrargillite,  afford  it  when  heated. 

429.  Feel. — The  feel  is  a  character  which  is  occasionally  of  some  import- 
ance; it  is  said  to  be  smooth  (sepiolite),  i^rea^y  (talc),  Aar^A,  or  meager,  eic. 
Some  minerals,  in  consequence  of  their  hygroscopic  character,  adhere  to  tit 
tongue  when  brought  in  contact  with  it. 
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GENERAL  PRINCIPLES  OF  CHEMISTRY  AS  APPLIED 

TO  MINERALS. 

430.  Minerals,  as  regards  their  chemical  constitution,  are  either  the 
nncooibined  elements  in  a  native  state,  or  definite  compounds  of  these  elements 
formed  in  accordance  with  chemical  laws.  It  is  the  object  of  Chemical  Min- 
eralogy to  determine  the  chemical  composition  of  each  species;  to  show  the 
chemical  relations  of  dilfereut  species  to  each  other  where  such  exist;  and  also 
to  explain  the  methods  of  distinguishing  different  minerals  by  chemical  means.^ 
It  thus  embraces  the  most  important  part  of  Determinative  Mineralogy. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some  knowU 
edge  of  tlie  fundamental  principles  of  Chemical  Philosophy  is  required;  and 
these  are  here  briefly  recapitulated. 

431.  Chemical  Elements. — Chemistry  recognizes  about  seventy  substances 
which  cannot  be  decomposed,  or  divided  into  others,  by  any  process  of 
analysis  at  present  known ;  these  substances  are  called  the  chemical  elements, 
A  list  of  them  is  given  in  a  later  article  (486);  common  examples  are: 
Oxygen,  nitrogen,  hydrogen,  chlorine,  gold,  silver,  sodium,  etc. 

432.  Atom.  Molecule, — The  study  of  the  chemical  properties  of  substances 
and  of  the  laws  governing  their  formation  has  led  to  the  belief  that  there  is 
for  each  element  a  definite,  indivisible  mass,  which  is  the  smallest  particle 
which  can  play  a  part  in  chemical  reactions;  this  indivisible  unit  is  called  the 
atom. 

With  some  rare  exceptions,  the  atom  cannot  exist  alone,  but  unites  by  tho 
action  of  what  is  called  chemical  force,  or  chemical  affinity,  with  other  atoms 
of  the  same  or  different  kind  to  form  the  molecule.  The  molecule,  in  the 
chemical  sense,  may  be  defined  as  the  smallest  particle  into  which  a  given 
kind  of  substance  can  be  subdivided  without  undergoing  chemical  decomposi- 
tion. For  example,  two  atoms  of  hydrogen  unite  to  form  a  molecule  of 
hydrogen  gas.  Again,  one  atom  of  hydrogen  and  one  of  chlorine  form  a  mole- 
cule of  hyarochloric  acid  gas;  two  atoms  of  hydrogen  and  one  of  sulphur  form 
a  molecule  of  the  gas  hydrogen  sulphide. 

433.  Physical  moleonles. — An  important  distinction  must  be  made  between 
the  simple  chemical  molecules,  regarded  as  made  up  of  the  smallest  possible 
number  of  the  atoms  of  each  kind,  united  in  the  given  proportion,  and  the 
actual  physical  mx>lecules  which  together  build  up  the  structure  of  a  particular- 
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mass  of  matter.  These  physical  molecules  may  be  much  more  complex,  each 
being  made  up  of  a  number  of  chemical  molecules  but  necessarily  containing 
the  respective  atoms  in  the  same  proportion.  In  the  case  of  a  gas,  it  is  always 
possible  to  determine  the  constitution  of  the  molecule,  as  is  explained  later, 
but  in  the  case  of  liquids  and  solids  this  is  in  general  impossible. 

For  example,  it  is  certain  that  a  molecule  of  water  vapor  consists  of  two 
atoms  of  hydrogen  and  one  atom  of  oxygen,  but  the  molecules  of  water  which 
unite  to  build  up  a  snow  crystal,  though  containing  the  atoms  of  the  two 
elements  hydrogen  and  oxygen  in  the  same  proportion,  may  be  highly- complex, 
us  if  made  up  of  many  gas  molecules.  Since  it  is  in  general  impossible  in  the 
case  of  solids  to  fix  the  constitution  of  the  actual  molecule,  it  is  Qsually  better 
to  regard  it  as  a  chemical  molecule  of  the  simplest  possible  form. 

434.  Atomio  Weight. — The  atomic  weight  of  an  element  is  the  weight,  or, 
better  expressed^  the  mass  of  its  atom  compared  with  that  of  the  element 
hydrogen  taken  as  the  unit.  Thus  the  mass  of  an  atom  of  oxygen  is  very 
nearly  sixteen  times  that  of  the  atom  of  hydrogen  (exactly  15*96),  and  hence 
this  number  is  called  the  atomic  weight  of  oxygen.  Of  the  methods  by  which 
the  relation  between  the  masses  of  the  atoms  is  determined  it  is  unnecessary 
here  to  speak ;  the  results  that  have  been  obtained  are  given  in  the  table  on 
p.  241. 

435.  Symbol.  Formula. — The  symbol  of  an  element  is  the  initial  letter,  or 
letters,  often  of  its  Latin  name,  by  which  it  is  represented  when  expressing  in 
chemical  notation  the  constitution  of  substances  into  the  composition  of  which 
it  enters.  Thus  0  is  the  symbol  of  oxygen,  H  of  hydrogen,  CI  of  chlorine, 
Fe  (from  ferrum)  of  iron,  Ag  (from  argentum)  of  silver,  etc.  Further,  this 
symbol  is  always  understood  to  indicate  that  definite  amount  of  the  given 
element  expressed  by  its  atomic  weight;  in  other  words,  it  represents  one 
atom.  If  twice  this  quantity  is  involved,  that  is,  two  atoms,  this  is  indicated 
by  a  small  subscript  number  written  immediately  after  the  symbol.  Thus, 
Sb.^S,  means  a  compound  consisting  of  two  atoms  of  antimony  and  three  of 
fiulphur,  or  of  2  X  120  parts  by  weight  of  antimony  and  3  X  32  of  snlphur. 

This  expression,  Sb,S, ,  is  called  the  formula  of  the  given  compound,  since 
it  expresses  in  briefest  form  its  composition.  Similarly  the  formula  of  the 
mineral  albite  is  NaAlSi.O.. 

Strictly  speaking,  such  formulas  are  merely  empirical  formulas,  since  they 
express  only  the  actual  result  of  analysis,  as  giving  the  relative  number  of 
atoms  of  each  element  present,  and  make  no  attempt  to  represent  the  actual 
constitution.  A  formula  developed  with  the  latter  object  in  view  is  called  a 
rational,  structural,  or  constitutional  formula  (see  Art.  453). 

436.  Table  of  the  Elements. — The  following  table  gives  a  list  of  all  the 
definitely  established  elements  with  their  accepted  symbols  and  also  their 
atomic  weights.* 

Of  the  elements  given  in  this  list — about  seventy  in  all — only  a  very 
small  number,  say  twelve,  plav  an  important  part  in  making  up  the  crust  of 
the  earth  and  the  water  and  air  surrounding  it.  The  common  elements  con- 
cerned in  the  composition  of  minerals  are:  Oxygen,  sulphur,  silicon,  aluminium, 
iron,  calcium,  magnesium,  sodium,  potassium.  Besides  these,  hydrogen  is 
present  in  water,  nitrogen  in  the  air,  and  carbon  in  all  animal  and  vegetable 
substances.  Only  a  very  few  of  the  elements  occur  as  such  in  nature,  as 
native  gold,  native  silver,  native  sulphur,  etc. 

*  These  correspond  in  value  to  those  commonly  accepted,  and  are  given  accurate  to  cue 
decimal  place.    In  strict  chemical  sense  the  atomic  weight  of  oxygen  is  15*96,  etc. 
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Of  the  elements^  oxygen,  hydrogen,  nitrogen,  chlorine,  and  flnorine  are 
gases;  bromine  is  a  volatile  liquid;  mercury  is  also  a  liquid,  but  the  others 
art'  solids  under  ordinary  conditions. 


Symbol. 

At.  Weight. 

Symbol. 

At.  Weight. 

AhimiDium,  Aluminum 

Al 

27 

Manganese 

Mn 

54-8 

Antimony  {Si^um) 

Sb 

120 

Hg 

199-8 

A  li^OH 

A 

899 

Molybdenum 

Nickel 

Mo 

96 

Ar.^Luic 

Ajb 

74-9 

Ni 

58-6 

Birium 

Ba 

137 

Niobium 

Nb 

93-7 

IWryllium 

Be(orGl)    91 

Nitrogen 

N 

14 

Bismuth 

Bi 

207-5        ' 

Osmium 

Os 

191 

U»ron 

B 

10-9 

Oxygen 

0 

16 

Bromine 

Br 

79-8 

Palladium 

Pd 

106  2 

C  uioiium 

Cd 

111-7 

Phosphorus 

P 

81 

CiMium 

Cs 

58-7 

Platinum 

Pt 

194-3 

C'llcium 

Ca 

89-9 

Potassium  (Kalium) 

E 

89 

(iirbon 

0 

12 

Rhodium 

Rh 

104-1 

Cerium 

Ce 

141 

Rubidium 

Rb 

85-2 

(.lilorine 

CI 

854 

Ruthenium 

Ru 

108-5 

Chromium 

Cr 

52-5 

Scandium 

Sc 

44 

Co^Mllt 

Co 

58-7 

Selenium 

Se 

78-9 

Coiumhiura,  see  NioHum 

\, 

Silicon 

Si 

28 

(o])\M.^v  (Cuprum) 

Cu 

083 

Silver  (Argentum) 
Sodium  (Natrmm) 

Ag 

107-7 

Ditlymium 

Di 

142 

Na 

23 

Ei  biurn 

Er- 

166 

Strontium 

Sr 

87-3 

Fluorine 

F 

191 

Sulphur 

S 

82 

Gji'.liuin 

Ga 

69-9 

Tantalum 

Ta 

182 

<Jermanium 

Ge 

78-8 

Tellurium 

Te 

1^ 

<iiiicinum,  see  Beryllium 

. 

Thallium 

Tl 

203-7 

0..1(l  {AuTum) 

Au 

196-7 

Thorium 

Th 

232 

Ht'lium 

He 

4-4 

Tin  (Stannum) 

Sn 

117-4 

H  (Irogen 

H 

1 

Titanium 

Ti 

48 

Iiiiiium 

In 

118-4 

Tungsten  ( Wofframium) 

W 

188-6 

lo(iine 

I 

1265 

Uranium 

U 

240 

Iri<linm 

Ir 

192-5 

Vanadium 

V 

51-1 

\r^^n  {Fe%*Tum) 

Fe 

55*9 

Ytterbium 

Yt 

172-6 

L-miliauum 

La 

188 

Yttrium 

Y 

89 

Lend  [Plumbum) 

Pb 

206-4 

Zinc 

Zn 

65-1 

Liibium 

Li 

7 

Zirconium 

Zr 

90-4 

Magnesium 

Mg 

24 

, 

437.  Metals  and  Kon-metals. — The  elements  may  be  divided  into  two  more 
or  less  distinct  classes,  the  metals  and  the  non-metals.  Between  the  two  lie  a 
number  of  elements  sometimes  called  the  semi-metals.  The  metals,  as  gold, 
.silver,  iron,  sodium,  are  those  elements  which,  physically  described,  possess  to  a 
more  or  less  perfect  degree  the  fundamental  characters  of  the  ideal  metal,  viz. : 
malleability,  metallic  luster  (and  opacity  to  light),  conductivity  for  heat  and 
electricity;  moreover,  chemically  described,  they  commonly  play  the  part  of 
fbe  positive  or  basic  element  in  a  simple  compound,  as  later  defined  (Arts. 
446-449).  The  non-metals,  as  sulphur,  carbon,  silicon,  etc.,  also  the  gases,  as 
oxygen,  chlorine,  etc.,  have  none  of  the.  physical  characters  alluded  to:  they 
Jire,  if  solids,  brittle,  often  transparent  to  light- radiation,  are  poor  conductors 
for  heat  and  electricity.  Chemically  expressed,  they  usually  play  the  negative 
or  add  part  in  a  simple  compound. 

The  so-called  semi^meials,  or  metalloids,  include  certain  elements,  as 
tellurium,  arsenic,  antimony,  bismuth,  which  have  the  physical  characters  of 
a  metal  to  a  less  perfect  degree  {e,g.,  they  are  more  or  less  brittle);  and,  more 
important  than  this,  they  often  play  the  part  of  the  acidic  element  in  the 
compound  into  which  they  enter.    These  points  are  illustrated  later. 
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It  is  to  be  understood  that  the  distinctions  between  the  classes  of  the 
elements  named  cannot  be  very  sharply  applied.  Thus  the  typical  metallic 
characters  mentioned  are  possessed  to  a  very  unequal  degree  by  the  different 
substances  classed  as  metals;  for  example,  by  silver  and  tin.  Corresponding  to 
this  a  number  of  the  true  metals,  as  tin  and  manganese,  play  the  part  of  an  acid 

in  numerous  salts.  Further,  the  mineral  magnetite,  FeFe^O^,  is  often  described 
as  an  iron  ferrate;  so  that  in  this  compound  the  same  element  would  play  the 
part  of  both  acid  and  base. 

438.  Positive  and  Kegative  Elements. — It  is  common  to  make  a  distinction 
between  the  ehctro-positive  and  electro-negative  element  in  a  compound.  The 
passage  of  a  sufficiently  strong  electrical  current  through  a  chemical  compound 
in  many  cases  results  in  its  decomposition  (or  electrolysis)  into  its  elements  or 
parts.  In  such  cases  it  is  found  that  for  each  compound  the  atoms  of  one 
element  collect  at  the  negative  pole  (the  cathode)  and  those  of  the  other  at  the 
positive  pole  (the  anode).  The  former  is  called  the  electro-positive  element 
and  the  latter  the  electro-negative  element.  Thus  in  the  electrolysis  of  water 
(H,0)  the  hydrogen  collects  at  the  cathode  and  is  hence  called  positive,  and 
the  oxygen  at  the  anode  and  is  called  negative.  Similarly,  in  hydrochloric  uciil 
(HCl)  the  hydrogen  is  thus  shown  to  be  positive,  the  chlorine  negative.  Tliis 
distinction  is  also  carried  to  complex  compounds,  as  copper  sulphate  (CuSOj, 
which  by  electrolysis  is  broken  into  Cu,  which  is  found  to  be  electro-positive, 
and  SO^  (the  last  separates  iuto  SO,,  forming  H,SO^  and  free  oxygen). 

For  reasons  which  will  be  explained  later,  the  positive  element  is  said  to 
play  the  basic  part,  the  negative  the  acidic.  The  metals,  as  already  stated,  in 
most  cases  belong  to  the  former  class,  the  non-metals  to  the  latter,  while  the 
semi-metals  may  play  both  parts. 

It  is  common  in  writing  the  formula  to  put  the  positive  or  basic  elenient 
first,  thus  H,0,  II,S,  HCl,  H,SO,,  Sb,S.,  As,0,,  AsH,,  NiSb,  FeAs,.  Her. 
it  will  be  noted  that  antimony  (Sb)  and  arsenic  (As)  are  positive  in  some  c)f 
the  compounds  named  but  negative  in  the  others. 

439.  Periodic  Law. — In  order  to  understand  the  relations  of  the  chief 
classes  of  chemical  compounds  represented  among  minerals,  as  still  more  their 
further  subdivision,  down  finally  to  the  many  isomorpJious  groups —groups  of 
species  having  analogous  composition  and  closely  similar  form,  as  explained  in 
Art.  456 — the  fundamental  relations  and  grouping  of  the  elements  must  be 
understood,  especially  as  developed  of  recent  years  and  shown  in  the  so-called 
Periodic  Law.* 

Although  the  subject  can  be  only  briefly  touched  upon,  it  will  be  useful  tn 
give  here  tne  general  distribution  of  the  elements  into  Groups  and  Series,  as 
presented  in  the  Principles  of  Chemistry  (Engl.  Ed.,  1891)  of  D.  Mendeleeff, 
to  whom  is  due  more  than  any  one  else  the  development  of  the  Periodic  Law. 
A  few  remarks  are  added  on  the  grouping  of  the  elements  as  illustrated  by 
mineral  compounds;  artificial  compounds  show  these  relations  still  more  fully 
and  clearly.  For  the  thorough  explanation  of  this  subject,  more  particularly 
as  regards  the  periodic  or  progressive  relation  between  the  atomic  weights  anl 
various  properties  of  the  elements,  the  reader  is  referred  to  the  wonc  abovi' 
mentioned  or  to  one  of  the  many  other  excellent  modern  text-books  ol 
chemistry. 

The  relations  of  some  of  the  elements  of  the  first  group  are  exhibited  by 
the  isomorphism  (see  Art.  456,  also  the  description  of  the  various  groups  and 
species  here  referred  to,  which  are  given  in  Part  IV  of  this  work)  of  NaCl, 
liCl,  AgCl;  or  again  of  LiMnPO,  and  NaMnPO^,  etc.     In  the  second  groap, 

♦  Tlie  relHtions  here  broutihl  out  tire  important,  even  if  the  validity  of  the  Periodic  Law 
is  less  ge:ieiiil  lliaii  has  beeu    uppo-^ed. 
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Groups  .     .     . 

I 

II 

m 

IV 

V 

VI 

VII 

VIII 

Series  1  .     .     . 

H 

— 

— 

RH« 

RH, 

RH, 

RH 

Hydrogen  Compounds. 

'      2.     .     . 

Li 

He 

B 

C 

N 

0 

F 

•     3  .     .     . 

Na 

Mg 

Al 

Si 

P 

S 

CI 

••     4  .     .     . 

K 

Ca 

8e 

Ti 

V 

Cr 

Mn 

Fe    Co    Ni    Cu 

•*     5  .     .     . 

(Cn) 

Zd 

Ga 

6e  1      As 

Se 

Br 

•     6  .     .     . 

Rb 

Sr 

Y 

Zr         Nb 

Mo 

— 

Ru    Rh    Pb    Ag 

"     7  .     .     . 

Ag 

Cd 

In 

On  !      8b 

Te 

I 

"     8  .     .     . 
'      9  .    .     . 
••   10  .     .     . 

Cs 

Ba 

La 

Ce      1  Di? 

— 

— 

-""'"" 

Yb 

-        Ta 

W 



Os    Ir    Pt    Ag 

••  11  .     .     . 

Au|     Hg 

Tl 

Pb 

Bi 

— 

-— 

"  12  .     .     . 

—         — 

— 

—       '  — 

u 

— 

R,0 

R.0, 

R,0, 

R,0*    R,0. 

R.O. 

R,0, 

Higher  Oxides 

RO 

RO, 

RO, 

RO4 

reference  may  be  made  to  the  isomorphism  of  the  carbonates  and* sulphates 
I  p.  250)  of  calcium,  barium,  and  strontium;  while  among  the  sulphides,  ZnS, 
CaS,  and  HgS  are  doubly  related.  In  the  third  group,  we  find  boron  and 
aluminium  often  replacing  one  another  among  silicates.  In  the  fourth  group, 
the  relations  of  silicon  and  titanium  are  shown  in  the  titano- silicates,  while 
The  compounds  TiO,,  SnO,,  PbO,  (and  MnOJ,  also  ZrSiO  and  Th^iO,,  have 
closely  similar  form.  In  the  fifth  group,  many  compounds  of  arsenic,  antimony, 
•iiui  bismuth  are  isomorphous  among  metallic  compounds,  while  the  relations 
(»f  phosphorus,  vanadium,  arsenic,  also  antimony,  are  shown  among  the 
phosphates,  vanadates,  arsenates,  and  antimonates;  again  the  mutual  relations 
of  the  niobatea  and  tantalates  are  to  be  noted. 

In  the  sixth  gi'oup,  the  strongly  acidic  elements,  sulphur,  selenium, 
tellurium,  are  all  closely  related,  as  seen  in  many  sulphides,  selenides,  tellurides; 
further,  the  relations  of  sulphur  and  chromium,  and  similarly  of  both  of  these 
to  molybdenum  and  tungsten,  are  shown  among  many  artificial  sulphates, 
chromates,  molybdates,  and  tungstates. 

In  the  seventh  group  the  relations  of  the  halogens  are  too  well  understood 
to  need  special  remark.  In  the  eighth  group,  we  have  Fe,  Co,  Ni  alloyed  in 
meteoric  iron,  and  their  phosphates  and  sulphates  are  in  several  cases  closely 
isomorphous;  further,  the  relation  of  the  iron  series  to  that  of  the  platinum 
series  is  exhibited  in  the  isomorphism  of  FeS,,  FeAsS,¥eAs,,  etc.,  with  PtAs, 
and  probably  RuS,. 

.  440.  Combining  Weight. — Chemical  investigation  proves  that  the  mass  of 
!i  given  element  entering  into  a  compound  is  always  proportional  either  to  its 
atomic  weight  or  to  some  simple  multiple  of  this;  the  atomic  weight  is  hence 
also  called  the  combining  weight.  Thus  in  rock  salt,  sodium  chloride,  the 
masses  involved  of  sodium  and  chlorine  present  are  found  by  analysis  to  be 
equal  to  39-4  and  60*6  in  100  parts,  and  these  numbers  arc  in  proportion  to 
33  ;  35*4,  the  atomic  weights  of  sodium  and  chlorine;  hence  it  is  concluded 
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that  one  atom  of  each  is  present  in  the  compound.  The  formula  is,  therefore. 
NaCl.  In  calcium  chloride,  by  the  same  method  the  masses  present  are  found 
to  be  proportional  to  39*9  :  70*8,  that  is,  to  39*9  =  2  X  35*4;  hence  the  formula 
is  CaCl,. 

Still  a^in.  a  series  of  compounds  of  nitrogen  with  oxygen  is  known  in  which  the  ratir> 
of  the  masses  of  the  two  elements  are  as  follows:  (1)  28: 16,  (2)  14: 16.  (8)  28:48.  (4)  14 :  'SI, 
(5)  28: 80.  It  is  seen  at  once  that  these  must  have  the  formulas  (1)  NsO.  (2)  NO,  (3)  NsO,, 
(4)  NOt,  (5)  NsOft.  On  the  contrary,  atmospheric  air  which  contains  these  elumcuts  :  i 
about  the  ratio  of  76*8  to  23*2  cuunot  be  a  chemical  compound  of  these  elements,  siuci' 
(aside  from  other  considerations)  these  numbers  are  not  in  the  ratio  of  n  X  14 :  tn:  16  where 
n  and  m  are  simple  whole  numbers. 

441.  Molecular  Weight. — The  molecular  weight  is  the  weight  of  the  mole- 
cule of  the  given  substance,  expressed  in  terms  of  the  mass  of  the  hydrogen 
atom  as  unit.  The  molecular  weight  of  hydrogen  is  2  because  the  molecule 
can  be  shown  to  consist  of  two  atoms.  The  molecular  weight  of  hydrochloric 
acid  (HCl)  is  36'4,  of  water  vapor  (H,0)  it  is  18,  of  hydrogen  sulphide  (H^^) 
it  is  34. 

Since,  according  to  the  law  of  Avagadro,  like  volumes  of  different  gases 
under  like  conditions  as  to  temperature  and  pressure  contain  the  same  number 
of  molecules,  it  is  obvious  that  the  molecular  weight  of  substances  in  the  form 
of  gas  can  be  derived  directly  from  the  relative  density  or  specific  gravity. 
If  the  density  is  referred  to  hydrogen,  whose  molecular  weignt  is  2,  it  will 
be  always  true  that  the  molecular  weight  is  twice  the  density  in  the  state  of  a 
gas  and  vice  versa.  Thus  the  observed  density  of  carbon  dioxide  (CO,)  is  "22, 
hence  its  molecular  weight  must  be  44.  It  is  this  principle  that  makes  it 
possible  in  the  case  of  a  gas  to  fix  the  constitution  of  the  molecule  when  the 
ratio  in  number  of  the  atoms  entering  into  it  has  been  determined  by  analysis 
In  the  case  of  solids,  where  the  constitution  of  the  molecule  in  general  cauno 
be  fixed,  it  is  best,  as  already  stated,  to  write  the  molecular  formula  in  its 
simplest  form,  as  NaAlSi,0,  for  albite.  The  sum  of  the  weights  of  the  atoms 
present  is  then  taken  as  the  molecular  weight. 

442.  Valence. — The  valence  of  an  element  is  given  by  the  number  of  its 
atoms  which  are  required  to  unite  with  one  unit  atom,  as  of  hydrogen  or 
chlorine.  Thus,  using  the  examples  of  Art.  440,  in  NaCl,  since  one  atom  of 
sodium  unites  with  one  of  chlorine,  its  valence  is  one;  or  in  other  words,  it  is 
said  to  be  univalent^  and  is  called  a  monad.  Further,  calcium  (as  in  CaCl,), 
also  barium,  etc.,  are  bivalent;  gold  is  (usually)  trivalent;  tin  is  tetravaleiu, 
etc.  The  valence  may  be  expressed  by  the  number  of  bonds  by  which  one 
element  in  a  compound  is  united  to  another,  thus: 

Na-Cl,  Ba=Cl„  Au=01„  Sn^Cl,,  etc. 

The  valences  of  the  common  elements,  expressed  by  their  symbols,  are 
as  follows : 

Univalent:  H,  CI,  Br,  I,  F;  Li,  Na,  K,  Eb,  Cs,  Ag. 

Bivalent:  0,  S,  Se,  Te;  Be,  Mg,  Ca,  Sr,  Ba,  Pb,  Hg,  Cu,  Zn,  Co,  Ni. 

Trivalent :  B,  Au ;  probably  also  Al,  Fe,  Mn,  Cr. 

Tetravalent :  C,  Si,  Ti,  Zr,  Sn. 

Pentavalent :  N,  P,  As,  Sb,  V,  Bi,  Nb,  Ta. 

The  above  list,  though  convenient  for  reference,  is  not  to  be  taken  as  com- 
plete or  final.  A  considerable  number  of  the  elements  show  a  different  valence 
indifferent  compounds.  Thus  both  Sb.,0,  and  Sb,0^  are  known;  also  Fe  S, 
Pe,0,  and  FeS,;  Cu,Cl„  CuCl,,  and  similarly  Cu,S(Cu,0)  and  CuS(CuO), 
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etc.  In  certain  cases  the  composition  of  two  compounds  of  the  same  elements 
may  be  made  consistent  with  each  other^  by  an  assumption  as  to  the  possible 
grouping  of  the  atoms.  Thus  in  cupric  chloride,  OuCl,,  or  cupric  oxide,  CuO, 
copper  is  bivalent  as  usual.  But  the  cuprous  compounds,  Cu.Clj  and  Cu,0, 
also  occur,  and  for  them  the  formulas  may  be  written 

Cl-Cu-Cu-Ol        and        (Cu-Cu)=0. 

Again,  the  elements  Al,  Fe,  Mn,  Cr,  which  form  the  compounds  AICI,,  A1,0„ 
etc.,  are  sometimes  called  tetravaleut  and  the  formula  of  the  oxide  written,  for 
example,  (Al  =  Al)  =  0,. 

443.  Chemical  Beactiont. — When  solutions  of  two  chemical  substances  are 
brought  together,  in  many  cases  they  react  upon  each  other  with  the  result  of 
forming  new  compounds  out  of  the  elements  present;  this  phenomenon  ia 
called  a  chemical  reaction.  One  of  the  original  substances  may  be  a  gas,  and 
in  many  cases  similar  results  are  obtained  from  a  liquid  and  a  solid,  or  less 
often  from  two  solids. 

For  example,  solutions  of  sodium  chloride  (NaCl)  and  silver  nitrate 
(AgNOJ  react  on  each  other  and  yield  silver  chloride  (AgCH  and  sodium 
nitrate  (NaNO,).     This  is  expressed  in  chemical  language  as  follows: 

NaCl  +  AgNO,  =  AgCl  +  NaNO,. 

This  is  a  chemical  equation,  the  sign  of  equality  meaning  that  equal  weights 
are  involved  both  before  and  after  the  reaction. 

Again,  hydrochloric  acid  (HCl)  and  calcium  carbonate  (CaCO,)  yield 
calcium  chloride  (CaCl,)  and  carbonic  acid  fH.CO,);  which  last  breaks  up 
into  water  (H,0)  and  carbon  dioxide  (CO,),  tne  last  going  off  as  a  gas  with 
effervescence.     Hence 

CaCO,  +  2HC1  =  CaCl,  +  H,0  +  CO,. 

444.  Eadicals. — A  compound  of  two  or  more  elements  according  to  their 
relative  valence  in  which  all  their  bonds  are  satisfied  is  said  to  be  saturated. 
This  is  true  of  H,0,  or,  as  it  may  be  written,  H— 0— H.  If,  however,  one 
or  more  bonds  is  left  unsatisfied,  the  resulting  combination  of  elements  is 
railed  a  radical  Thus  — 0— H,  called  briefly  hydroxyl,  is  a  common  radical, 
having  a  valence  of  one,  or,  in  other  words,  univalent;  NH^  is  again  a  univalent 
radical;  so,  too,  (CaF),  (MgF)  or  (AlO).  Radicals  often  enter  into  a  compound 
like  a  simple  element;  for  example,  in  ammonium  chloride,  NH.Cl,  the 
univalent  radical  NH^  plays  the  same  part  as  the  univalent  element  Na  in 
NaCl.  In  the  chemical  composition  of  mineral  species,  the  commonest  radical 
is  hydroxyl  ( — 0 — H)  already  defined.  Other  examples  are  (CaF)  in  apatite 
(see  Art.  466),  (MgF)  in  wagnerite,  (AlO)  in  many  basic  silicates,  etc. 

445.  Chemical  Compound. — A  chemical  compound  is  a  combination  of  two 
or  more  elements  united  by  the  force  of  chemical  attraction.  It  is  always 
true  of  it,  as  before  stated  (Art.  440),  that  the  elements  present  are  combined 
in  the  proportion  of  their  atomic  weights  or  some  simple  multiples  of  these. 
A  substance  which  does  not  satisfy  this  condition  is  not  a  compound,  but  only 
a  mechanical  mixture. 

Examples  of  the  simpler  class  of  compounds  are  afforded  by  the  oriflpfi,  or 
compounds  of  oxygen  with  another  element.  Thus,  among  minerals  we  have 
Cu,0,  cuprous  oxide  (cuprite);    ZnO,  zinc  oxide  (zincite);   A1,0,,  alumina 
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(corundum);  SnO,,  tin  dioxide  (cassiterite) ;  SiO,,  silicon  dioxide  (quartz) » 
As,0,^  arsenic  trioxide  (arsenolite). 

Another  simple  class  of  compounds  are  the  sulphides  (with  the  selenides, 
tellurideSy  arsenides,  antimouides,  etc.),  compounds  in  vhich  sulphur  (selenium, 
tellurium,  arsenic,  antimony,  etc.)  plays  the  same  part  as  oxygen  in  the  oxides. 
Here  belong  Cu,S,  cuprous  sulphide  (chalcocite);  ZnS,  zinc  sulphide  (sphaler- 
ite); PbTe,  lead  telluride  (altaite);  FeS„  iron  disulphide  (pyrite);  Sb,S„ 
antimony  trisulphide  (stibnite). 

446.  Acids. — The  more  complex  chemical  compounds,  an  understanding 
of  which  is  needed  in  a  study  of  minerals,  are  classed  as  acids,  bases,  and  salts; 
the  distinctions  between  them  are  important. 

An  acid  is  a  compound  of  hydrogen,  or  hydroxyl,  with  a  non-metallic 
element  (as  chlorine,  sulphur,  nitrogen,  phosphorus,  etc.),  or  a  radical  con- 
taining these  elements.  In  them  the  hydrogen  atoms  may  be  replaced  by 
metallic  atoms;  the  result  being  then  the  formation  of  a  salt  (see  Art.  448). 
Acids  in  general  turn  blue  litmus  paper  red  and  have  a  sharp,  sour  taste. 
The  following  are  familiar  examples: 

HCl,  hydrochloric  acid,  H  -  01. 

HNO„  nitric  acid,  (HO)  =  NO,. 

H,CO.,  carbonic  acid,  (HO),  =  CO. 
H,SO„  sulphuric  acid,  (HO),  =  SO,. 
H,SiO,,  metasilicic  acid,  (HO),  =  SiO. 
H,PO,,  phosphoric  acid,  (HO),  =  PO. 
H,SiO„  orthosilicic  acid,  (HO),  3  Si. 

The  full  explanation  of  the  constitution  of  the  different  acids  requires  a  more 
detailed  discussion  than  is  possible  here.  The  second  series  of  formulas  given 
above  must  serve  as  suggestions  in  this  direction. 

It  is  to  be  noted  that  with  a  given  acid  element  several  acids  are  possible. 
Thus  normal,  or  orthosilicic,  acid  is  H.SiO, ,  in  which  the  bonds  of  the  element 
silicon  are  all  satisfied  by  the  hydroxyl  (HO).  But  the  removal  of  one  mole- 
cule of  water,  H,0,  from  this  gives  the  formula  H,SiO,,  or  metasilicic  acid. 

Acids  which,  like  UNO,  ,  contain  one  atom  of  nydrogen  that  may  be 
replaced  by  a  metallic  atom  {e.g..  in  KKO,)  are  called  wonohasic.  If.  as  in 
H,CO,  and  H,SO,,  there  are  two  atoms  {e.g.,  in  CaCO,,  BaSO,)  the  acids  are 
dibasic.     Similarly  H,PO,  is  tribasic,  etc. 

Most  acids  are  liquids  (or  gases),  and  hence  acids  are  represented  very 
sparinglv  among  minerals;  B(OH),,  boric  acid  (eaesolite),  is  an  illustration. 

447. '  Bases.— The  base,^,  or  hydroxides  as  they  are  also  called,  are  com- 
pounds which  may  be  regarded  as  formed  of  a  metallic  element  (or  radical) 
and  the  univalent  radical  hydroxyl,. -(OH);  or  in  other  words,  of  an  oxide 
with  water.  Thus  potash,  K,0,  and  water,  H,0,  form  2K(0H),  or  potassium 
hvdroxide;  also  CaO  +  H,0  similarly  give  Ca(OH;,  or  calcium  hydroxide. 
Ill  general,  when  soluble  in  water,  bases  give  an  alkaline  reaction  with  turmeric 
paper  or  red  litmus  paper,  and  they  also  neutralize  an  acid,  as  explained  in 
the  next  article.  Further,  the  bases  yield  water  on  ignition,  that  is,  at  a 
temperature  suflRciently  high  to  break  up  the  compound. 

Among  minerals  the  bases  are  represented  by  the  hydroxides,  or  hydrated 
oxides,  as  Mg(OH),,  magnesium  hydrate  (brucite);  A1(0H)„  aluminium 
hydrate  (gibbsite);  also,  (A10)(0H),  diaspore,  etc. 
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448.  Salts. — A  third  class  of  compounds  are  the  salts;  these  may  be 
regarded  as  formed  chemically  by  the  reaction  of  a  base  npon  an  acid,  or,  in 
other  words,  by  the  neutralization  of  the  acid.  Thus  calcium  hydrate  and  sul* 
pluiric  acid  give  calcium  sulphate  and  water : 

Ca(OH),  +  H,80,  =  CaSO,  +  2H,0. 

Here  calcium  sulphate  is  the  salt,  and  in  this  case  the  acid,  sulphuric  acid,  is 
£uid  to  be  neutruized  by  the  base,  calcium  hydroxide.  It  is  instructive  to 
compare  the  formulas  of  a  base,  an  acid,  and  the  corresponding  salt,  as 

follows: 

Base,  Ca(OH),;       Acid,  H,SO,;        Salt,  CaSO,. 

Here  it  is  seen  that  a  salt  may  be  simply  described  as  formed  frpm  an  acid  by 
the  replacement  of  the  hydrogen  atom,  or  atoms,  by  a  metallic  element  or 
radicaf 

449.  Typioal  Salts. — The  commonest  types  of  salts  represented  among 
minerals  are  the  following: 

Chlorides:  salts  of  hydrochloric  acid,  HGl;  as  AgCl,  silver  chloride  (cerar- 
gyrite). 

Nitrates :  salts  of  nitric  acid,  HNO, ;  as  KNO„  potassium  nitrate  (niter). 

Carbonates:  salts  of  carbonic  acid,  H,GO,;  as  CaGO,,  calcium  carbonate 
(calcite  and  aragonite). 

Sulphates:  salts  of  sulphuric  acid,  H,SOj  as  CaSO«,  calcium  sulphate 
(anhydrite). 

Phosphates:  salts  of  phosphoric  acid,  H.POj  as  Ca,(POJ„  calcium  phos- 
phate. 

Silicates :  several  classes  of  salts  are  here  included.  The  most  common  are 
the  salts  of  metasilicic  acid,  H^SiO^;  as  MnSiO,,  man^nese  metasilicate 
(r)iodonite).  Also  salts  of  orthosilicic  acid,  H^SiO^;  as  Mn,SiO«,  manganese 
orthosilicate  (tephroite). 

Numerous  other  classes  of  salts  are  also  included  among  mineral  species; 
their  composition,  as  well  as  that  of  complex  salts  of  the  above  types,  is 
explained  in  the  descriptive  part  of  this  work. 

450.  Formal,  Aoid,  and  flasic  Salts.— A  neutral  or  normal  salt  is  one  in 
which  the  basic  element  completely  neutralizes  the  acid,  or,  in  other  words, 
one  of  the  type  already  given  as  examples,  in  which  all  the  hydrogen  atoms  of 
the  acid  have  been  replaced  by  metallic  atoms  or  radicals.  Thus,  K,SO^  is 
normal  potassium  sulphate,  but  HKSO,,  on  the  other  hand,  is  acid  potassium 
pulphate,  since  in  the  acid  H,SO^  only  one  of  the  bonds  is  taken  by  the  basic 
element  potassium.  Salts  of  this  kind  are  called  acid  salts.  The  formula  in 
"^nt^h  cases  may  be  written  *  as  if  the  compound  consisted  of  a  normal  salt  and 
an  acid;  thus,  for  the  example  riven,  K,SO^.H,SO^. 

A  basic  salt  is  one  in  which  the  acid  part  of  the  compound  is  not  sufficient 
to  ^atisfy  all  the  bonds  of  the  base.  Thus  malachite  is  a  basic  salt — basic  car- 
bonate of  copper — its  composition  being  expressed  by  the  formula  Cu,(OH)_CO,. 

This  may  be  written  CuCO,.Cn(OH)„  or  (Cu.)  ~  V^^v  .     The  majority  of 


•  This  enrly  form  of  writinp  the  composition  explains  the  name  often  given  to  the  com. 
pound,  namely,  in  this  case,  "bisnlphate  of  potash.'' 
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minerals  consist  not  of  simple  salts,  as  those  noted  above,  but  of  more  or  less 
complex  double  salts  in  which  several  metallic  elements  are  present.  Thus 
common  grossular  garnet  is  an  orthosilicate  containing  both  calcium  and  alu- 
minium as  bases ;  its  formula  is  Ca,Al,(SiOJ,. 

451.  Snlpho-Balts.— The  salts  thus  far  spoken  of  are  all  oxygen  salts.  There 
are  also  others,  of  analogous  constitution,  in  which  sulphur  cakes  the  place  of 
the  oxygen  ;  they  are  hence  called  sulpho-salts.  Thus  normal  sulpharseiiiuus 
acid  has  the  formula  H,AsS^  and  the  corresponding  silver  salt  is  Ag,AsiS,.  tije 
mineral  proustite.  Similarly  the  silver  salt  of  the  analogous  antimony  acid  is 
Ag.SbS,,  the  mineral  pyrargyrite.  From  the  normal  acids  named,  a  series  of 
other  hypothetical  acids  may  be  derived,  as  H AsS„  H^As,S„  etc. ;  these  acids 
are  not  known  to  exist,  but  their  salts  are  important  minerals.  Thus  zinkeuite, 
PbSb.S^,  is  a  salt  of  the  acid  H,SbS^,  and  jamesonite,  Pb,Sb,S„  of  the  acid 
H,Sb,S„  etc. 

452.  Water  of  Crystallization. — As  stated  in  Art.  447,  the  hydroxides,  or 
bases  and  further  basic  salts  in  general,  yield  water  when  ignited.  Thus 
calcium  hydroxide  Ca(OH)  breaks  up  on  beating  into  CaO  and  H,0,  as 
expressed  in  the  chemical  equation 

2Ca{0H).  =  2CaO  +  H.O. 

So  also  the  basic  cupric  carbonate,  malachite  (formula  given  in  Art.  450),  yields 
water  on  ignition;  and  the  same  is  true  of  the  complex  basic  orthosilicates,  like 
zoisite,  whose  formula  is  (HO)Ca,Al3(SiO J,.  It  is  not  to  be  understood,  how- 
ever, in  these  or  similar  cases,  that  water  as  such  is  present  in  the  substance. 
On  the  other  hand,  there  are  a  large  number  of  mineral  compounds  wliicli 
yield  water  readily  when  heated,  and  in  which  the  water  molecules  are  regarded 
as  present  as  so-called  water  of  crystallization.  Thus,  the  formula  of  gypsum 
is  written 

CaSO,  +  2H,0, 

and  the  molecules  of  water  (2H,0)  are  considered  as  water  of  crystallization. 
So,  too,  in  potash  alum,  KA1(S0,),  +  12H,0,  the  water  is  believed  to  play  the 
same  part. 

453.  Formulas  of  Minerals. — The  strictly  empirical  formula  expresses  the 
kinds  and  numbers  of  atoms  of  the  elements  present  in  the  given  componnd. 
without  attempting  to  show  the  way  in  which  it  is  believed  that  the 
atoms  are  combined.  Thus,  in  the  case  of  zoisite  the  empirical  formula  i.- 
HCa,Al,Si,0„.  While  not  attempting  to  represent  the  structural  formula 
(which  will  not  be  discussed  here),  it  is  convenient  in  certain  cases  to  indicate 
the  atoms  which  there  is  reason  to  believe  plav  a  peculiar  relation  to  each  other. 
Thus  the  same  formula  written  (HO)Ca,Al,(SiO,),  shows  that  it  is  reearded  as 
a  basic  orthosilicate,  in  other  words,  a  basic  salt  of  orthosilioic  acid,  H.SiO,. 

Again,  the  empirical  formula  of  common  apatite  is  Ca^FP.O.,;  but  if  this  i^ 
written  fCaF)Ca.(PO,),,  it  shows  that  it  is  regarded  as  a  phosphate  of  the  aoid 
H,PO„  that  is,  H,(PO,)„  in  which  the  nine  hydroeen  atoms  are  replaced  bv 
four  Ca  atoms  together  with  the  univalent  radical  (OaF).  In  another  kind  of 
apatite  the  radical  (CaCl)  enters  in  the  same  wav.  Similarlv  to  this  the  formula 
of  pvromorphite  is  (PbCl)PbJPO.)„  of  vanadiAite  (PbCl)Pb,(VO.V. 

Further,  it  is  often  convenient  to  emplov  the  method  of  writing  the  formulas 
in  vogue  under  the  old  dualistic  system.     For  example. 
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CaO.CO,    for    CaCO,, 
3CaO.A1.0..3SiO,    for    Ca,Al,Si.O,„ 
3Ag,S.Sb,S,    for    Ag.SbS,,  etc. 

It  is  no  longer  believed,  however,  that  the  molecular  groups  CaO,  A1,0,,  etc., 
actually  exist  in  the  molecule  of  the  substance.  But  in  part  because  these 
groups  are  what  analysis  of  the  substance  affords  directly,  and  in  part  because 
so  easily  retained  in  the  memory,  this  method  of  writing  is  still  often  used. 

464.  Oxygen  Batio. — In  the  case  of  certain  compounds,  more  especially  the 
silicates,  it  is  sometimes  regarded  as  convenient  to  take  note  of  the  oa^ygeu 
ratio,  that  is,  the  ratio  in  the  number  of  oxygen  atoms  combined  with  the 
several  elements,  basic  and  acid.  For  example,  the  formula  for  grossular  garnet 
given  above  is 

Ca,Al,Si,0.,  or  3CaO.Al,0,.3SiO,. 

Here  the  oxygen  atoms  combined  with  the  basic  elements  (calcium  amd 
aluminium)  and  the  acid  element  (silicon)  are 

3  :  3  :  6  or  1  : 1 :  2, 

or  again,  for  the  basic  elements  combined, 

3  +  3  :  6  or  1  :  1. 

It  must  be  noted  that  the  oxygen  ratio  is  in  fact  the  ratio  of  the  total  valence 
of  the  elements  of  the  different  groups,  the  valence  being  measured  by  the 
combining  power  with  hydrogen,  while  the  oxygen  ratio  really  notes  the  com- 
bining power  with  oxygen. 

455.  Calculation  of  a  Formula  from  an  Analysis. — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the  elements 
themselves,  or  of  their  oxides  or  otner  compounds  obtained  in  the  chemical 
analysis.     In  order  to  obtain  the  atomic  proportions  of  the  elements: 

divide  the  percentages  of  the  elements  ay  the  respective  atomic  weights; 
or,  for  those  of  the  oxides:  Divide  the  percentage  amounts  of  each  by  their 
MOLECULAR  WEIGHTS;  then  find  the  simplest  ratio  in  whole  numbers  for  the 
numbers  thus  obtained. 

ExampU.—Kn  analysis  of  boui'Donite  from  Wolfsberg  gave  C.  Bromeis  the  results  under 
(1)  below.  These  percentages  divided  by  the  respective  atomic  weights,  as  indicated,  give  the 
numbers  under  (2).  Finally  the  ratio  of  these  numbers  gives  very  nearly  1:8:1:1.  Hence 
the  formula  derived  is  CuPbSbSt.  The  theoretical  values  called  for  by  the  formula  are 
added  under  (4). 

(1)  (2)  (3)  (4) 
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Second  Brample,— The  mean  of  two  analyses  of  a  garnet  from  Alaska  gave  Kouqtze  the 
results  under  (1)  below.  Here  as  usual  the  percentage  amounts  of  the  several  molecular 
(rroups  (SiO<t,  Al«Ot,  etc.)  are  given  instead  of  those  of  the  elements.  These  amounts 
divided  by  the  respective  molecular  weights  give  the  numbers  under  (2).  In  this  case  the 
amounts  of  the  protoxides  are  taken  together  and  the  ratio  thus  obtained  is  309  : 1  :2  92. 
which  corresponds  approximately  to  the  formula  3PeO.  AlaOi.SSiOj,,  or  Fe8AU(Si04)8.  The 
magnesium  in  this  garnet  would  ordinarily  be  explained  by  the  presence  of  the  pvrope 
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molecule  (MgaA1s[Si04]i)  together  with  the  simple  alraaudite  molecule  whose  composiUos 
is  given  ubove. 

(1)  (2)  (3) 

SiO,  89  29  +  60     =0  655  809 

Al.O,  21-70  +  102  =0-212  1 

FetO.  tr, 

FeO  80-82  +  71-9  =  0  4291 

MnO  1-51 +70-8=0  022  i^. ft. ^v  ^^ 

MgO  6-26  +  40     =  0-182  r 

CaO  1-99  +  55  9  =  0  086  J 

100-67 
It  is  necessary,  when  very  small  quantities  only  of  certain  elements  Htf  MnO,  MgO,  C^ 
above)  are  present  to  neglect  them  in  the  final  formula,  reckoning  them  in  with  the  eleiDeot! 
which  they  replace,  that  is,  with  those  of  the  same  quantivalence.  The  degree  of  c.irre* 
spondence  between  the  analysis  and  the  formula  deduced,  if  the  latter  is  correctly  assumed, 
depends  entirely  upon  the  accuracy  of  the  former. 

456.  Isomorphism. — Chemical  compounds  which  have  an  analogons  com- 
position and  a  closely  related  crystalline  form  are  said  to  be  Uomorphoui. 
This  phenomenon,  called  isohorphism,  was  first  clearly  brought  out  by  Mit- 
scherlich. 

Many  examples  of  groups  of  isomorphous  compounds  will  be  found  among 
the  minerals  described  in  the  following  pages.  Some  examples  are  mentioned 
here  in  order  to  elucidate  the  subject. 

In  the  brief  discussion  of  the  periodic  classification  of  the  chemical  el^ 
ments  of  Art.  439,  attention  has  been  called  to  the  prominent  groups  amoii^ 
the  elements  which  form  analogous  compounds.  Thus  calcium,  barium,  ana 
strontium,  and  also  lead,  form  the  two  series  of  analogous  compounds, 

Aragonite  Group.  Barite  Group. 

CaCO,,  aragonite.  Also        CaSO^,  anhydrite. 
BaCO,,  witherite.  BaSO,,  barite. 

SrCO,,  strontianite.  SrSO,,  celestite. 

PbCO,,  cerussite.  PbSO^,  anglesite. 

Further,  the  members  of  each  series  crystallize  in  closely  similar  forms.  Tlie 
carbonates  are  orthorhombic,  with  axial  ratios  not  far  from  one  another;  thus 
the  prismatic  angle  approximates  to  60°  and  120°,  and  corresponding  to  thii 
they  all  exhibit  pseudo-hexagonal  forms  due  to  twinning.'  The  sulphates  also 
form  a  similar  orthorhombic  series,  and  though  anhydrite  deviates  somewbflt 
widely,  the  others  are  close  together  in  angle  and  in  cleavage. 

Again,  calcium,  magnesium,  iron,  zinc,  and  manganese  form  a  series  of  car- 
bonates with  analogous  composition,  as  shown  in  the  list  of  the  species  of 
the  Calcite  Group  given  on  p.  353,  This  table  brings  out  clearly  the  clott 
relation  in  form  between  the  species  named.  Incidentally,  as  an  example  of 
the  deviation  in  form  sometimes  observed,  it  is  to  be  noticed  that  dolomite 
(and  perhaps  others)  are  not  normally  rhomboliedral  like  calcite,  but  belong  u 
the  plienacite  type  (p.  80). 

This  table  also  illustrates  another  essential  point  in  regard  to  an  isomor- 
phous series,  viz.,  the  presence  of  intermediate  members,  or  isomorphous  mis- 
hires  of  the  simple  compounds.  These  are  viewed  by  most  authors  as  duet' 
the  presence  of  both  molecules  crystallized  together,  usually  in  a  certain  defiiiito 
ratio.  Thus  in  normal  dolomite,  (CaCO,)  and  (MgCO,>  are  both  present  in  V'.t 
ratio  of  1:1,  and  its  formula  is  CaMg(CO,),  or  CaCO,.MgCO,.  In  me?i'i*? 
(MgCO,)  and  (FeOO,)  are  present  in  the  ratio  of  2  :  1 ;  its  formula  :• 
MgaFe(('03^,  or  2MgC0,.FeC0,.     If  it  is  not  desired  to  express  the  r.ir.n  .: 
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the  elements  present,  it  is  convenient  to  write  the  elements  together  in  a  paren- 
thesis separated  by  a  comma.  Thus  (Ca,Mg,Fe)CO,  would  mean  a  carbonate 
in  which  calcium,  magnesium,  and  iron  are  all  present. 

The  Apatite  Group  forms  another  yaluable  illustration  since  in  it  are 
represented  the  analogous  compounds,  apatite  and  pyromorphite,  both  phos- 
phates, but  respectively  phosphates  of  calcium  and  lead;  also  the  analogous 
lead  compounds  pyromorphite,  mimetite,  and  vanadinite  respectively  lead 
phosphate,  lead  arsenate,  and  lead  vanadate.  Further,  in  all  these  compounds 
the  radical  (RCl)  or  (RF)  enters  in  the  same  way  (see  Art.  463).  Thus  the 
formulas  for  the  two  kinds  of  apatite  and  that  for  pyromorphite  are  as  follows: 

(CaF)C8,(P0,).,  (CaCl)Ca,(POJ.,  (PbCl)Pb,(PO.).. 

Some  of  the  more  iroportnnt  isomorpfaous  groups  are  mentioned  below.  For  a  discussion 
of  them,  as  well  as  of  many  c^ihei-s  that  might  be  mentioned  here,  reference  must  be  made 
to  the  descriptive  part  of  this  work. 

Iwmeirie  SyhUm,—T\\e  Spinel  group,  including  spinel,  MgAUOi :  also  magnetite, 
cbromite,  franklinite,  gahuite,  etc.  The  Gnlena  group,  as  galena,  PbS ;  argentite,  Ag«S, 
eic.    The  Garnet  group,  as  grossulnrite,  CaiAUSisOn.  etc. 

Tetragonal  System,— K\x\X\q  group,  including  rutile,  TiO«  >  cassiterite,  SnO,.  The 
Scbetlile  group,  including  scheefite,  CaWO* ;  stolzite,  PbWOi ;  wulfenite,  PbMoO*. 

Hexagonal  System. — Apatite  group,  already  mentioned,  including  apatite,  pyromorphite, 
mimetite.  and  vanadinite.     Corundum  group,  corundum,  AUOs ;  hematite,  FegOi. 

Wiombohedral  /^t^dm.— Calcite  group,  already  mentioned.    Phenacite  group,  etc. 

OrihorJiombie  System. — Aragonite  group,  and  Barite  group,  both  mentioned  above. 
Chrysolite  group,  (Mg,Fe)«Si04 ;  Topaz  group,  etc. 

Monodinic  ^«t0»».— Copperas  group,  including  melanterite,  FeSO*  +  7  aq;  bieberite, 
C0SO4  +  7  aq,  etc.    Pyroxene  and  Amphibole  groups,  and  the  Mica  group. 

Monoelinic  and  Triclinic  Systems. — ^Feldspar  group. 

457.  Isomorphous  Mixtures. — It  is  important  to  note  that  the  intermediate 
compounds  in  the  case  of  an  isomorphous  series^  such  as  those  spoken  of  in  the 
preceding  article,  often  show  a  distinct  gradation  in  crystalline  form,  and  more 
particularly  in  physical  characters  {e.g.y  specific  gravity,  optical  properties,  etc.) 
This  is  illustratea  by  the  species  of  the  calcite  group  already  referred  to;  also 
still  more  strikingly  by  the  group  of  the  triclinic  feldspars  as  fully  discussed 
under  the  description  of  that  group.     See  further  Art.  408. 

The  feldspars  also  illustrate  two  other  important  points  in  the  subject^ 
which  must  be  briefly  alluded  to  here.  The  triclinic  feldspars  have  been  shown 
by  Tschermak  to  be  isomorphous  mixtures  of  the  end  compounds  in  varying 
proportions: 

Albite,  NaAlSi,0,.  Anorthite,  CaAl,Si,0,. 

Here  it  is  seen  that  these  compounds  have  not  an  analogous  composition  in  the 
narrow  sense  previously  illustrated,  and  yet  they  are  isomorphous  and  form  an 
isomorphous  series.  Other  examples  of  this  are  found  among  the  pyroxenes, 
the  scapolites,  etc. 

Further,  the  Feldspar  group  in  the  broader  sense  includes  several  other 
species,  conspicuously  the  monoelinic  orthoclase,  KAlSi,0.,  which,  though 
belonging  to  a  different  system,  still  approximates  closely  in  form  to  the 
triclinic  species. 

458.  Dimorphism.  Isodimorphism. — A  chemical  compound,  which  crystal- 
lizes in  two  forms  genetically  distinct,  is  said  to  be  dimorphous;  if  in  three, 
trimorphouSy  or  in  general  pleomorphoiM.  This  phenomenon  is  called  dimor- 
phism or  PLBOMORPHISM. 

An  example  is  given  by  the  compound  calcium  carbonate  (CaCO,),  which 
is  dimorphous:  appearing  as  calcite  and  as  aragonite.    As  caJcifn  it  crystallizes 
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in  the  rhombohedral  Bystem,  and,  unlike  as  its  many  crystalline  forms  are, 
tbey  may  be  all  referred  to  the  same  fundamental  rhombohedron,  and,  what  is 
more,  they  have  all  the  same  cleavage  and  the  same  specific  gravity  (2*7),  and, 
of  course,  the  same  optical  characters.  As  aragonite,  calcium  carbonate 
appears  in  orthorhombic  crystals,  whose  optical  characters  are  entirely  differ- 
ent from  those  of  calcite;  moreover,  the  specific  gravity  of  aragonite  (2'9)  is 
higher  than  that  of  calcite  (2 '7). 

Many  other  examples  might  be  given:  Silica  (SiO,)  is  dimorphous;  appear- 
ing as  quartz,  rhombohedral,  G.  =  2*66;  as  tridymite^  hexagonal,  G.  =  2  3,  and 
perhaps  in  other  forms.  Titanium  dioxide  (TiO,)  is  trimorphous,  the  species 
oeing  called  rutile,  tetragonal  {6  =  0'6442),  U.  =  4*25;  octahedrife,  tetragonal 
(d  =  1-778),  G.  =  3-9;  and  brookite,  orthorhombic,  G.  =  4-15.  Carbon  appears 
in  two  forms,  in  diamond  and  graphite.  Other  familiar  examples  are  pyrite 
and  marcasite  (FeS,),  sphalerite  and  wurtzite  (ZnS),  etc. 

When  two  or  more  analogous  compounds  are  at  the  same  time  isomorphous 
and  dimorphous,  they  are  said  to  be  isodimorpJious,  a,nd  the  phenomenon  is 
called  ISODIMORPHISM.  An  example  of  this  is  given  in  the  Pyrite  and  Mar- 
casite groups  described  later.  Thus  we  have  in  the  isometric  Pyrite  Group, 
pyrite,  TeS,,  smaltite,  CoAs, ;  in  the  orthorhombic  Marcasite  Group,  marcas- 
ite, FeS,,  safSorite,  CoAs,,  etc. 

459.  Chemical  and  Microchemical  Analytit. — The  analysis  of  minerals  is  a 
subject  treated  of  in  chemical  works,  and  need  not  be  touched  upon  here 
except  so  far  as  to  note  the  convenient  use  of  certain  qualitative  methods,  as 
described  in  the  later  part  of  this  chapter. 

Of  more  importance  are  the  microchemical  methods  applicable  to  sections 
tinder  the  microscope  and  often  yielding  decisive  results  with  little  labor. 
This  subject  has  been  particularly  developed  by  Boricky,  Haushofer,  Behrens, 
Streng,  and  others.  Keference  is  made  to  the  discussion  by  Rosenbusch 
(Mikr.  Phys.,  1892,  p.  259  ef  seq.y  also  the  list  of  authors  on  p.  212.) 

460.  Mineral  Synthesis. — The  occurrence  of  certain  mineral  compounds 
(e.g.y  the  chrysolites)  among  the  products  of  metallurgical  furnaces  has  long 
been  noted.  But  it  has  only  been  in  recent  years  that  the  formation  of 
artificial  minerals  has  been  made  the  subject  of  minute  systematic  experi- 
mental study.  In  this  direction  the  French  chemists  have  been  particularly 
successful,  and  now  it  may  be  stated  that  the  majority  of  common  minerals- 
quartz,  the  feldspars,  amphibole,  mica,  etc. — have  been  obtained  in  crystallized 
form.  Even  the  diamond  has  been  formed  in  minute  crystals  by  Moissan. 
These  studies  are  obviously  of  great  importance  particularly  as  throwing  light 
npon  the  method  of  formation  of  minerals  in  nature  {e.g.,  the  diamond). 
The  chief  results  of  the  work  thus  far  done  are  given  in  the  volumes  men- 
tioned in  the  Introduction,  p.  4. 

461.  Alteration  of  Minerals.  Fsendomorphs. — The  chemical  alteration  of 
mineral  species  under  the  action  of  natural  agencies  is  a  subject  of  g:reat 
importance  and  interest,  particularly  when  it  results  in  the  change  of  the 
original  composition  into  some  other  equally  definite  compound.  A  crystal- 
lized mineral  which  has  thus  suffered  change  so  that  its  form  no  longer 
belongs  to  its  chemical  composition  has  already  been  defined  (Art.  252,  p.  144) 
fts  a  pseudomorph.  It  remains  to  describe  more  fully  the  different  kinds  of 
pseudomorphs.     Pseudomorphs  are  classed  under  several  heads: 

1.  Pseudomorphs  by  stihstiintion. 

2.  Pseudomorphs  by  simple  deposition,  and  either  by  {a)  incrustation  or 
(ft)  infiltration. 
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3.  Pseudomorphs  by  alteration  ;  and  these  may  be  altered 
(a)  without  a  change  of  composition,  by  paramorphism; 

ib)  by  the  loss  of  an  ingredient; 
c)  by  the  assumption  of  a  foreign  substance; 
{(i)  by  a  partial  exchange  of  constituents. 

1.  The  first  class  of  pseudomorphs,  by  substitutioiiy  embraces  those  cases 
-where  there  has  been  a  gradual  removal  of  the  original  material  and  a  cor- 
responding and  simultaneous  replacement  of  it  by  another,  without,  however, 
any  chemical  reaction  between  tne  two.  A  common  example  of  this  is  a  piece 
of  fossilized  wood,  where  the  original  fiber  has  been  replaced  entirely  by 
silica.  The  first  step  in  the  process  was  the  filling  of  the  pores  and  cavities 
by  the  silica  in  solution,  and  then  as  the  woody  fiber  by  gradual  decomposition 
disappeared  the  silica  further  took  its  place.  Other  examples  are  quartz  after 
iiuorite,  calcite,  and  many  other  species;  cassiterite  after  orthoclase;  native 
copper  after  aragonite,  etc. 

2.  Pseudomorphs  by  incrustation  form  a  less  important  class.  Such  are 
the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal  of  the 
original  mineral  has  gone  on  simultaneously  with  the  deposition  of  the  second, 
so  that  the  resulting  pseudomorph  is  properly  one  of  substitution.  In 
pseudomorphs  by  infiltration  a  cavity  made  by  the  removal  of  a  crystal  has 
been  filled  oy  another  mineral. 

3.  The  third  class  of  pseudomorphs,  by  alteration^  includes  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnished  by  a 
nucleus  of  the  original  mineral  in  the  center  of  the  altered  crystal — e,g,y  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite;  also  of 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine,  etc. 

(a)  An  example  of  paramorphism — that  is,  of  a  change  in  molecular  con- 
stitution without  change  of  chemical  substance— is  furnished  by  the  change  of 
aragonite  to  calcite  (both  CaCOJ  at  a  certain  temperature;  also  the  para- 
morphs  of  rutile  after  brookite  (both  TiO,)  from  Magnet  Cove,  Arkansas. 

(b)  An  example  of  the  pseudomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  native  copper  in  the  form 
of  cuprite. 

(c)  In  the  change  of  cuprite  to  malachite — e.g.,  the  familiar  crystals  from 
Chessy,  France — an  instance  is  afforded  of  the  assumption  of  an  ingredient — 
viz.,  carbon  dioxide  (and  water).  Pseudomorphs  of  gypsum  after  anhydrite 
occur  where  there  has  been  an  assumption  of  water  alone. 

id)  A  partial  exchange  of  constituents — in  other  words,  a  loss  of  one  and 
gain  of  another — takes  place  in  the  change  of  feldspar  to  kaolin,. in  which  the 
potash  silicate  disappears  and  water  is  taken  up;  pseudomorphs  of  limonite 
after  pyrite  or  siderite,  of  chlorite  after  garnet,  pyromorphite  after  galena, 
are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  and  impor- 
tant field  for  investigation.  Their  study  has  served  to  throw  much  light  on 
the  chemical  constitution  of  mineral  species  and  the  conditions  under 'which 
liiey  have  been  formed.  For  the  literature  of  the  subject  see  the  Introduction, 
V.  3  (Blum,  Bischof,  Roth,  etc.).  As  typical  studies  of  special  cases  the 
following  articles  are  referred  to: 

Genth.     Corundum,  etc.     Am.  Phil.  Soc.  Philad.,  13,  861,  1878. 

J.  D.  Dana.     Serpentine  pseiidomorplis.  Tilly  Fosler  mine.    Am.  J.  Sc,  8,  871,  1874. 

Brush  and  Dana.     Spodiimine,  etc.,  Brnnchville,  Ct.     Am.  J.  8c. ,  20,  257,  1880. 

Schrauf.     Serpentine  of  Bohemia.     Zs.  Krysi..  6,  321,  188-2. 
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CHEMICAL  EXAMINATION  OF  MINERALS. 

462.  The  complete  investigation  of  the  chemical  composition  of  a  min- 
eral includes,  first,  the  identification  of  the  elements  present  by  qualitative 
analysis,  and,  second,  the  determination  of  the  relative  amounts  of  each  In 
quantitative  analysis,  from  which  last  the  formula  can  be  calculated.  Ro:. 
processes  carried  out  in  fnll  call  for  the  equipment  of  a  chemical  laboratory. 
An  approximate  qualitative  analysis,  however,  can,  in  many  cases,  be  made 
quickly  and  simply  with  few  conveniences.  The  methods  employed  involve 
either  (a)  the  use  of  acids  or  other  reagents  "in  the  wet  way,''  or  (b)  the  use 
of  the  olowpipe,  or  of  both  methods  combined.  Some  practical  iustructious 
will  be  given  applying  to  both  cases. 

EXAMINATION  IN  THE  WET  WAY. 

463.  Beagents,  etc. — The  most  commonly  emploved  chemical  reagents  are 
the  three  mineral  acids,  hydrochloric,  nitric,  and  sulphuric  acids..  To  these  mar 
be  added  ammonia,  also  solutions  of  barium  chloride,  silver  nitrate,  aiumonium 
molybdate,  ammoniam  oxalate;  finally,  distilled  water  in  a  wash-bottle. 

»•  A  few  test-tubes  are  needed  for  the  trials  and  sometimes  a  porcelain  dish 
with  ^handle  called  a  casserole;  further,  a  glass  funnel  and  filter-paper. 
The  Bunsen  gas-burner  (p.  256)  is  the  best  source  of  heat,  though  an  alcohol 
lamp  may  take  its  place.  It  is  unnecessary  to  remark  that  the  use  of  acids 
and  the  other  reagents  requires  much  care  to  avoid  injury  to  person  or  clothing. 
In  testing  the  powdered  mineral  with  the  acids,  the  important  points  to  be 
noted  are:  (1)  the  degree  of  solubility,  and  (2)  the  phenomena  attending  entire 
or  partial  solution;  that  is,  whether  (a)  a  solution  is  obtained  ouietly,  without 
effervescence,  and,  if  so,  what  its  color  is;  or  (b)  a  gas  is  evolved,  producing 
effervescence;  or  (c)  an  insoluble  constituent  is  separated  out. 

464.  Solubility. — In  testing  the  degree  of  solubility  hydrochloric  acid  is 
most  commonly  used,  though  in  the  case  of  many  metallic  minerals,  as  the 
sulphides  and  compounds  of  lead  and  silver,  nitric  acid  is  require<l.  Ia:ss 
often  sulphuric  acid  and  aqua  regia  (nitro-hydrochloric  acid)  are  resorted  to. 

The  trial  is  usually  made  in  a  test-tube,  and  in  general  the  fragment  of 
mineral  to  be  examined  should  be  first  carefully  pulverized  in  an  agate 
mortar.    In  most  cases  the  heat  of  the  Bunsen  burner  must  be  employed. 

(a)  Many  minerals  are  completely  soluble  without  effervescence  ;  anion:: 
these  are  some  of  the  oxides,  as  hematite, limonite,  gothite,  etc.;  some  sulphates. 
many  phosphates  and  arsenates,  etc.  Gold  and  platinum  are  soluble  only  in 
aqua  regia  or  nitro-hydrochloric  acid. 

A  yellow  solution  is  usually  obtained  if  much  iron  is  present:  a  blue  -r 
greenish-blue  solution  (turning  deep  blue  on  the  addition  of  ammonia  ::i 
excess)  from  compounds  of  copper;  pink  or  pale  rose  from  cobalt,  etc. 

(b)  Solubility  with  effervescepice  takes  place  when  the  mineral  loses  ;v 
gaseous  ingredient,  or  when  one  is  generated  by  the  mutual  reaction  of  acii 
and  mineral.  Most  conspicuous  here  are  the  carbonates^  all  of  which  dissolve 
with  effervescence,  giving  off  the  odorless  pis  carhon  dioxide  (CO,),  thoudi 
some  of  them  only  when  pulverized,  or,  npiin,  on  the  addition  of  heat,  in 
applying  this  test  dilute  hydrochloric  acid  is  employed. 
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Sulphureted  hydrogen,  or  hydrogen  sulphide  (H,S),  is  evolved  by  some 
sulphides  when  dissolved  in  hydrochloric  acid:  this  is  true  of  sphalerite^ 
stibnite,  etc.     This  gas  is  readily  recognized  by  its  offensive  odor. 

Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts  when  dissolved  in  hydrochloric  acid. 

Nitrogen  dioxide  (NO,)  is  given  off,  in  the  form  of  red  suffocating  fumes, 
by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite,  etc.), 
when  treated  with  nitric  acid. 

(c)  The  separation  of  an  insoluble  ingredient  takes  place:  With  many 
silicates,  the  silica  separating  sometimes  as  a  fine  powder,  and  again  as  a  jelly; 
in  the  latter  case  the  mineral  is  said  to  gelatinize  (sodalite,  analcite).  In  order 
to  test  this  point  the  finely  pulverized  silicate  is  digested  with  strong  hydro- 
chloric acid,  and  the  solution  afterward  slowly  evaporated  nearly  to  dryness. 
With  a  considerable  number  of  silicates  the  gelatinization  takes  place  only 
after  ignition ;  while  some  others,  which  ordinarily  gelatinize,  are  rendered 
insoluble  by  ignition. 

With  many  sulphides  (as  pyrite)  a  separation  of  sulphur  takes  place  when 
they  are  treated  with  nitric  acid. 

Some  compounds  of  titanium  and  tungsten  are  decomposed  by  hydrochloric 
acid  with  the  separation  of  the  oxides  of  the  elements  named  (TiO^,  WOJ. 
The  same  is  true  of  salts  of  molybdic  and  vanadic  acids,  only  that  here  the 
oxides  are  soluble  in  an  excess  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the^  chlorides.  These  compounds  are,  however, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  tin 
dioxide  (SnO,)  separates  as  a  white  powder.  A  corresponding  reaction  takes 
place  under  similar  circumstances  with  minerals  containing  arsenic  and 
antimony. 

Insoluble  Minerals, — A  large  number  of  minerals  are  not  sensibly  attacked 
by  any  of  the  acids.  Among  these  may  be  named  the  following  oxides: 
Corundum,  spinel,  chromite,  diaspore,  rutile,  cassiterite,  quartz;  also  cerar- 
gyrite;  many  silicates,  titanates,  tantalates,  and  niobates;  some  of  the  sul- 
phates, as  barite,  celestite;  many  phosphates,  as  xenotime,  lazulite,  childrenite, 
amblygonite;  also  the  borate,  boracite. 

465.  Examination  of  the  Solution. — If  the  mineral  is  difficultly,  or  only 
partially,  soluble,  the  question  as  to  solubility  or  insolubilitv  is  not  always 
settled  at  once.  Partial  solution  is  often  shown  by  the  color  given  to  the 
liquid,  or  more  generally  by  the  precipitate  yielded,  for  example,  on  the  addition 
of  ammonia  to  the  liquid  filtered  off  from  the  remaining  powder.  The 
further  examination  of  the  solution  yielded,  whether  from  partial  or  complete 
solution,  after  the  separation  by  filtration  of  any  insoluble  residue,  requires 
the  systematic  laboratory  methods  of  qualitative  analysis. 

It  maj  be  noted,  however,  that  in  the  case  of  sulphates  the  presence  of 
sulphur  IS  shown  by  the  precipitation  of  a  heavy  white  powder  of  barium 
sulphate  (BaSOJ  when  barium  chloride  is  added.  The  presence  of  silver  in 
solution  is  shown  by  the  separation  of  a  white  curdy  precipitate  of  silver 
chloride  (A^Cl)  upon  the  addition  of  any  chlorine  compound;  conversely,  the 
same  precipitate  shows  the  presence  of  chlorine  when  silver  nitrate  is  added 
to  the  solution. 

Again,  phosphorus  may  be  detected  if  present,  even  in  small  quantity^ 
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in  a  nitric  acid  solution  of  a  mineral  by  the  fine  yellow  powder  which  separates, 
sometimes  after  standings  when  ammonium  molybdate  has  been  added. 

EXAMINATION  BY  MEANS  OP  THE  BLOWPIPE.* 

466.  The  use  of  the  blowpipe,  in  skilled  hands,  gives  a  quick  method  of 
obtaining  a  partial  knowledge  of  the  qualitative  composition  of  a  mineral. 
The  apparatus  needed  includes  the  following  articles: 

Blowpipe,  lamp,  platinum-pointed  forceps,  platinum  wire,  charcoal,  glass 
tubes;  also  a  small  iiammer  with  sharp  edges,  a  steel  anvil  an  inch  or  two 
long,  a  horseshoe  magnet,  a  small  agate  mortar,  a  pair  of  cutting  pliers,  a 
three-cornered  file. 

Further,  test-paper,  both  turmeric  and  blue  litmus  paper;  a  little  pure 
tin-foil;  also  in  small  wooden  boxes  the  fluxes:  borax  (sodium  tetraborate), 
soda  (anhydrous  sodium  carbonate),  salt  of  phosphorus  or  microcosmic  salt 
(sodium-ammonium  phosphate),  acid  potassium  sulphate  (HESO  );  also  a 
*  rate  m  a  dropping  oulb  or  bottle;  further,  the  three  acids 


solution  of  cobalt  nitrate 
mentioned  in  Art.  463. 
467.  Blowpipe  and  Lamp. 


-A  good  form  of  blowpipe  is  shown  in  Fig.  570. 


670. 


671. 


The  air-chamber,  at  a,  is  essential  to  stop  the  condensed 
^^^^^       moisture  of  the  breath,  but  the  tip  (b),  of  platinum  or  of 

n^^H^^       brass,  though  convenient  is  not  essential,  and  many  will 
^Uf  prefer  to  do  without  the  mouthpiece  (c), 

cWf  The  most  convenient  form  of  lamp  is  that  furnished 

■1  hj  an  ordinary  Bunsen  gas-burner  f  (Fig.  671),  provided 

li  with  a  tube,  6,  which  when  inserted  cuts  off  the  air- supply 

at  a;  the  gas  then  burns  at  the  top  with  the  usual  yellow 
flame.  This  flame  should  be  one  to 
one  and  a  half  inches  high.  The 
tip  of  the  blowpipe  is  held  near  mr 
just  within  the  flame,  see  beyomi). 
and  the  air  blown  through  it  cau?i< 
the  flame  to  take  the  shape  sfaown  in 
Figs.  573,  574. 

It  is  necessary  to  learn  to  blow 
continuously,  that  is,  to  keep  u})  u 
blast  of  air  from  the  compro.<srJ 
reservoir  in  the  mouth-cavity  wbilc 
respiration  is  maintained  throiic;h 
the  nose.  To  accomplish  this  siu- 
cessfully  and  at  the  same  time  to 
produce  a  clear  flame  without  un- 
necessary fatiguing  effort  calls  for  some  practice. 

*  Tlie  subject  of  the  blowpipe  nnd  its  use  is  treated  very  briefly  in  this  place.  Tlie 
studeDt  who  wishes  to  be  fully  informed  uot  only  in  regnrd  to  the  use  of  the  various 
instruments,  but  also  as  to  all  the  valuable  reactions  practically  useful  in  the  identiticaiion 
of  minerals,  should  consult  a  manual  on  the  subject.  The  Manual  of  Determinative 
Mineralogy,  wiih  an  introduction  on  Blowpipe  Analysis,  by  George  J.  Brush;  cevieed  and 
enlarge*!  by  Samuel  L.  Penfleld  (New  York.  1896).  is  particularly  to  be  recom mended. 
Another  recent  work  is  the  Msnunl  of  Qualitative  Blowpipe  Analysis  and  Determinative 
Mineralogy  by  F.  M.  Endlich  (New  York,  1892). 

f  Instead  of  this,  a  good  stearin  candle  will  answer,  or  an  oil  flame  with  fiat  wick. 
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AVhen  the  tube^  b,  is  removed,  the  gas  burns  with  a  colorless  flame  and  is 
used  for  heating  glass  tubes,  test-tubes,  etc.     An  alcohol  lamp  will 
serve  the  same  purpose. 

468.  Forceps.  Wire. — The  forceps  (Fig.  572)  are  made  of  steel, 
nickel-plated,  and  should  have  a  spring  strong  enough  to  support 
lirmly  the  small  fragment  of  mineral  between  the  platinum  points 
at  (i.  The  steel  points  at  the  other  end  are  used  to  pick  up  small 
])ieces  of  minerals,  but  must  not  be  inserted  in  the  flame.  Care  must 
be  taken  not  to  injure  the  platinum  bv  allowing  it  to  come  in  contact 
\^ith  the  fused  mineral,  especially  if  tLis  contains  antimony,  arsenic, 
lead,  etc. 

The  platinum  wire  required  should  be  of  the  size  designated 
Xo.  27.  A  piece  of  platinum-foil  is  often  useful;  also  a  small 
platinum  spoon. 

469.  Charcoal. — The  charcoal  employed  should  not  snap  and 
should  yield  but  little  ash;  the  kinds  made  from  basswood,  pine  or 
willow  are  best.  It  is  most  conveniently  employed  in  rectangular 
pieces,  say  four  inches  long,  an  inch  wide,  and  three-quarters  of  an 
incli  in  thickness.  The  surface  must  always  be  perfectly  clean 
before  each  trial. 

Instead  of  charcoal  a  support  of  the  metal  aluminium,  as  suggested  by  Boss, 
is  used  by  some  workers  with  good  results. 

470.  Olass  Tubes. — The  glass  tubes  should  be  of  rather  hard  glass  and  say 
one-sixth  to  one-quarter  of  an  inch  in  interior  diameter.  The  smaller  size  is 
suitable  for  the  closed  tubes;  these  are  simply  made  by  heating  a  piece  six 
inches  long  in  the  middle  and  then  drawing  the  ends  apart,  the  long  ends  being 
fused  and  pinched  off.  The  larger  size  serves  for  ojjeu  tubes,  which  may.be 
five  inches  or  so  in  length. 

471.  Blowpipe  Flame. — The  blowpipe  flame,  shown  in  Figs.  573,  574,  con- 
sists of  two  cones:  an  inner  of  a  blue  color,  and  an  outer  cope  which  is  nearly 
invisible.  The  heat  is  most  intense  just  beyond  the  extremity  of  the  blue 
flame,  and  the  mineral  is  held  at  this  point  when  it^  fusibility  is  to  be  tested. 

The  outer  cone  is  called  the  oxidizing  flame  (O.F.);  it  is  characterized 
bv  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  effect  upon  the  assay  This  flame  is 
best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little  in  the  gas 
flame  (see  Fig.  573);  it  should  be  entirely  non-luminous.  The  mineral  is  to 
be  held  at  d. 

The  inner  flame  is  called  the  reducing  flame  (R.F.)  ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high  tem- 
perature present  tend  to  combine  with  the  oxygen  of  the  mineral  brought  into 
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it  (at  d),  or,  in  other  words,  to  reduce  it.  The  best  reducing  flame  is  produced 
when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame;  it  should  retain 
tbe  yellow  color  of  the  latter  on  its  upper  edge  (see  Fig.  574). 
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472.  Methods  of  ExaminatioiL — The  blowpipe  investigation  of  minerals 
inclndes  their  examination^  (I)  in  the  platinum-pointed  forceps,  (2)  in  the 
closed  and  the  open  tubes,  (3)  on  charcoal  or  other  support,  and  (4)  with  the 
fluxes  on  the  platinum  wire. 

1.   EXAHIKATIOK  IN  THE  FORCEPS. 

473.  Use  of  the  Forceps. — Platinum-pointed  forceps  are  employed  to  hold 
the  fragment  of  the  mineral  while  a  test  is  made  as  to  its  fusibility;  also  wlien 
the  presence  of  a  volatile  ingredient  which  may  give  the  flame  a  characteristic 
color  is  tested  for,  etc. 

The  foUowiag  practical  points  must  be  regarded  :  (1)  Metallic  minerals,  especially  iliost* 
coutaining  arsenic  or  antimony,  which  when  fused  might  injure  the  platinum,  should  tii>t 
be  examined  on  charcoal*;  (2)  the  fragment  taken  should  be  thin,  and  as  small  us  can  con- 
yeniently  be  held,  with  its  edge  prolectine  well  beyond  the  points ;  (8)  when  decrepiiattoQ 
takes  place,  the  heat  must  be  applied  slowly,  or,  if  this  does  not  prevent  it,  tiie  mineral  may 
be  powdered  and  a  paste  made  with  water,  thick  enough  to  be  held  in  the  forceps  or  cm  the 
platinum  wire ;  or  the  paste  may,  with  the  same  end  in  view,  be  healed  on  charcoal ;  (4)  tLe 
fragment  whose  fusibility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  ju^t 
beyond  the  extremity  of  the  blue  cone. 

474.  Fusibility. —All  grades  of  fusibility  exist  amon^  minerals,  from  those 
which  fuse  in  large  fragments  in  the  flame  of  the  candle  (stibnite,  see  below) 
to  those  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blowpipe  flame 
(bronzite);  and  still  again  there  are  a  considerable  number  which  are  entirely 
infusible  {e.g.,  corundum). 

The  exact  determination  of  the  temperature  of  fusion  is  not  easily  accom- 
plished (cf.  Art.  413,  p.  232),  and  for  purposes  of  determination  of  species  it  is 
unnecessarv.  The  approximate  relative  degree  of  fusibility  is  readilv  fixed  by 
referring  the  mineral  to  the  following  scale,  suggested  by  von  Kobell: 

1.  Stibnite.  4.  Actinolite. 

2.  Natrolite.  5.  Orthoclase. 

3.  Almandite  Oamet.  6.  Bronzite. 

475.  In  connection  with  the  trial  of  fusibility,  the  following  phenomena 
may  be  observed  •  (a)  coloration  of  the  flame  (see  Art.  476) ;  (*)  swelling  vp 
(stilbite),  or  exfoliation  of  the  mineral  (vermiculite) ;  or  (c)  glowing  without 
fusion  (calcite);  and  {d)  intumescefice,  or  a  spirting  out  of  the  mass  as  it 
fuses  (scapolite). 

The  color  of  the  mineral  after  ignition  is  to  be  noted;  and  the  nature  of 
the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby  glass  is  obtained, 
or  a  black  slag;  also  whether  the  bead  or  residue  is  magnetic  or  not  (due  to 
iron,  less  often  nickel,  cobalt),  etc. 

The  ignited  fragment,  if  nearly  or  quite  infusible,  may  be  moistened  wit]i 
the  cobalt  solution  and  again  ignited,  in  which  case,  if  it  turns  bhte,  this 
indicates  the  presence  of  aluminium  (as  with  cyanite,  topaz,  etc. ) ;  but  note 
that  zinc  silicate  (calamine)  also  assumes  a  blue  color.  If  it  becomes  pink,  this 
indicates  a  compound  of  magnesium  (as  brucite). 

Also,  if  not  too  fusible,  it  may,  after  treatment  in  the  forceps,  be  place*! 
upon  a  strip  of  moistened  turmeric  paper,  in  which  case  an  alkaline  react ioii 
proves  the  presence  of  an  alkali,  sodium,  potassium;  or  an  alkaline  earth, 
calcium,  magnesium,  barium,  strontium. 

*  Arsenic,  antimony,  and  easily  reducible  metals  like  lead,  also  copper,  form  more  or 
le&s  fusible  alloys  with  platinum. 
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476.  I  lame  Coloration. — The  color  often  imparted  to  the  outer  blowpipe 
fliinie,  while  the  mineral  held  in  the  forceps  is  being  heated^  makes  possible 
the  identification  of  a  number  of  the  elements. 

The  colors  which  may  be  produced^  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows: 

Color.  Subetanoe* 

Curmine-red Lithium. 

Purpiered StroDtium. 

Orange-red Calcium. 

Yellow Sodium. 

TeUowish  green Barium. 

SUHne-green Boron. 

Kmeraid-green Oxido  of  copper. 

Bluish  green Pliosphoric  acid  (phosphates). 

Oreenish  hlue ADtimony. 

Whtiiih  blue Arsenic. 

Azure-ldue Cliloride  of  copper;  also  selenium. 

Violet Potassium. 

A  yellowish-green  flame  is  also  given  by  tbe  oxide  or  sulphide  of  molybdenum ;  a 
bluish -green  flame  (in  streaks)  by  zinc;  a  pale  gi'eeni^)!  flame  by  tellurium;  a  blue  flame  by 
lend. 

477.  VotM.--The  presence  of  soda,  even  in  snmll  quantities,  produces  a  yellow  flame, 
which  (except  in  the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the 
ilaaie  due  toother  substances,  e.g.,  potassium.  The  use  of  a  wedge  of  blue  glass  theu 
ftllows  the  characteristic  violet  color  to  be  observed.  Bilicntes  are  often  so  difficultly 
decomposed  that  no  distinct  color  is  obtained  even  when  the  substance  is  present;  in  such 
cases  {e.g.,  pota^  feldspar)  the  powdered  mineral  may  be  fused  on  the  platinum  wire  with 
All  equal  volume  of  gypsum,  when  the  flame  can  be  seen  (at  least  through  blue  glass). 
Again,  a  silicate  like  tourmaline  fused  with  a  mixture  of  fluorite  and  acid  potassium 
Bulphute  yields  the  characteristic  green  flame  of  boron.  Phosphates  and  borates  give  the 
green  flaroe  in  general  best  when  they  have  been  pulverized  and  moistened  with  sulphuric 
ncid.  Moistenmg  with  hydrochloric  acid  makes  the  coloration  in  many  cases  (as  with  the 
carbonates  of  calcium,  barium,  strontium)  more  distinct. 

2.  Heatikg  in  the  Closed  and  Open  Tubes. 

478.  The  tabes  are  useful  chiefly  for  examining  minerals  containing 
volatile  ingredients,  given  off  at  the  temperature  of  the  gas  flame. 

In  the  case  of  the  closed  tube,  the  heating  goes  on  practically  uninfluenced 
by  the  air  present,  since  this  is  driven  out  of  the  tube  in  the  early  stages  of 
the  process.  In  the  open  tube,  on  the  other  hand,  a  continual  stream  of  hot 
air,  that  is,  of  hot  oxygen,  passes  over  the  assay,  tending  to  produce  oxidation 
and  hence  often  materially  changing  the  result. 

479.  Closed  Tube. — A  small  fragment  is  inserted,  or  a  small  amount  of 
the  powdered  mineral — in  this  case  with  care  not  to  soil  the  sides  of  the  tube — 
and  heat  is  applied  b^  means  of  the  ordinary  Bunsen  flame.  The  presence  of 
a  volatile  ingredient  is  ordinarily  shown  by  the  deposit,  or  sublimate,  upon  the 
t  nbe  at  some  distance  above  the  assay  where  the  tube  is  relatively  cool. 

ludependent  of  this,  other  phenomena  may  be  noted,  namely:  decrepita- 
fion,  as  shown  by  fluorite,  calcite,  etc.;  gloioing,  as  exhibited  by  gadolinite; 
phosphorescence,  of  which  fluorite  is  an  example;  change  of  color  (limonite), 
and  here  the  color  of  the  mineral  should  be  noted  both  when  hot,  and  a^ain 
after  cooling; /m5zow/  ^Ying  oft  oxygen,  as  mercuric  oxide;  yielding  acid  or 
fflkifUne  vapors,  which  should  be  tested  by  inserting  a  strip  of  moistened 
litmus  or  turmeric  paper  in  the  tube. 


260  CHEMICAL  MINERALOGY. 

Of  the  sxthlimatea  which  form  in  the  tube,  the  following  are  tho-  .itb 
which  it  is  most  important  to  be  familiar: 

Substance.  Bub  imate  in  the  Closed  Tube. 

Water  (HiO) Colorless  liquid  drops. 

Sulphur  (S) Red  to  deep  yellow,  liquid;  pale  yellow,  solid. 

Tellurium  dioxide  (TcO.) Pale  yellow  to  colorless,  liquid;  colorless  or  while,  solid. 

Arsenic  sulphide  (AsiSt) Dark  red,  liquid;  reddish  yellow,  solid. 

Antimony  oxysulphide  (BbiStO)  Black  to  reddish  brown  on  cooling,  solid. 

Ai-seutc  (As) Black,  brilliant  metallic  to  gray  crystalline,  solid. 

Mercury  sulphide  (HgS) Deep  black,  red  when  rubbed  veiy  fine. 

Mercury  (Hg) Gray  metallic  globules. 

In  addition  to  the  aboTe:  Tellurium  gives  black  fusible  elobules;  selenium  the  same,  but 
in  part  dark  red  when  very  small;  the  chloride  of  lead  and  oxides  of  arsenic  and  antiuiony 
give  white  solid  sublimatea 

480.  Open  Tube. — The  small  fragment  is  placed  in  the  tube  about  an  incli 
from  the  lower  end,  the  tube  being  slightly  inclined  (say  20°),  but  not  enough 
to  cause  the  mineral  to  slip  out,  and  neat  applied  beneath.  The  current  of 
air  passing  upward  through  the  tube  during  the  heating  process  has  an 
oxidizing  effect.  The  special  phenomena  to  be  observed  are  the  formation  of 
a  sublimate  and  the  odor  of  the  escaping  gases.  The  acid  or  alkaline  character 
of  the  vapors  is  tested  for  in  the  same  way  as  with  the  closed  tube.  Fluoride:*, 
when  heated  in  the  open  tube  with  previously  fused  salt  of  phosphorus,  yield 
hydrofluoric  acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar 
pungent  odor,  and  corrodes  the  glass. 

The  more  important  sublimates  are  as  follows: 

Substance.  Sublimate  in  the  Open  Tube. 

Arsenic  trioxide  (As^Ot) White,  crystalline,  volatile. 

Antimony  antimonate  (Sbi04)  Straw-yellow,  hot ;  white,    cold.     Infusible,  non-volatile. 

amorphous.     Obtained  from  stibnite.  also  the  stilph- 

antimonites  {e.g,,  bournonite)  as  dense  white   fumes. 

Usually  accompanied  by  the  following: 
Antimony  trioxide  (Bb«Ot). ..  White,  crystalline,  slowly  volatile.    Prom  native  antimony 

and  compounds  not  containing  sulphur.* 

Tellurium  dioxide  (TeO,) White  to  pale  yellow  globules. 

Selenium  dioxide  (SeOt) White,  crystalline,  volatile. 

Molybdenum  trioxide  (MoOs)  Pale  yellow,  hot;  white,  cold. 

Mercury  (Hg) Gray  metallic  globules,  easily  united  by  rubbing. 

It  is  also  to  be  noted  that  if  the  heating  process  is  too  rapid  for  full  oxidation,  subli^ 
mates,  like  those  of  the  closed  tubes,  may  be  formed,  especially  with  sulphur  (yellow),  arcienir 
(black),  arsenic  sulphide  (orange),  mercury  sulphide  (black),  antimony  oxysulphide  (bhuk 
to  reddish  brown). 

3.  Heating  ok  Charcoal. 

481,  The  fragment  (or  powder)  to  be  examined  is  placed  near  one  end  of 
the  piece  and  this  so  held  that  the  flame  passes  along  its  length;  a  slielit 
ridge  to  prevent  the  mineral  being  blown  off  is  sometimes  useful.  If  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  then  the 
material  employed  as  a  paste. 

The  reducing  flame  is  employed  if  it  is  desired  to  reduce  a  metal  (r,rr., 
silver, copper)  from  its  ores:  this  is  the  common  case.     If,  however,  the  niineral 

*  The  distinction  here  made  is  important;  cf.  Penfield.  revised  edition  of  Brush's  Dete^ 
minative  Mineralogy,  1896. 


CHEMICAL   EXAMINATION   OF   MINERALS.  261 

is  to  be  roasted,  that  is,  heated  in  contact  with  the  air  so  as  to  oxidize  and 
volatilize,  for  example,  the  sulphur,  arsenic,  antimony  present,  the  oxidizing 
dame  is  needed  and  the  mineral  should  be  in  powder  and  spread  out. 

The  points  to  be  noted  are  as  follows: 

(a)  The  odor  given  ofE  after  short  heating.  In  this  way  the  presence  of 
.sulphur,  arsenic  (garlic  or  alliaceous  odor),  and  selenium  (odor  of  decayed 
horseradish)  may  l^  recognized. 

{b)  Fusion, — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  19 
absorbed  into  the  charcoal;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium.     (Art.  484.) 

(d)  The  Sublimate. — By  this  means  the  presence  of  many  of  the  inetala 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N)  and 
at  a  distance  (D),  as  also  when  hot  and  when  cold,  is  to  be  noted. 

The  important  sublimates  are  the  following: 

Subfltsnoe.  Sublimate  on  Clutrooal. 

Arsenic  triozide  (AfltOt) White,   very  Tolatile,  distunt  from  the  assay;  also 

garlic  fumes. 
Antimony  oxides  (Sb«Oa  and  SbtO*)  Dense  white,  yolatHe;  forms  near  the  assay. 
Zinc  oxide  (ZnO) Canary-yellow,    hot ;    white,   cold ;    moistened    with 

cobalt  nitrate  and  Ignited  (O.F.)  becomes  green. 
Molybdenum  triozide  (MoOt). . .  • ..  •  Pale  yellow,  hot;  yellow,  cold;  touched  for  a  moment 

with  the  R.  F.  becomes  uzure-blue.    Also  a  copper* 

red  sublimate  (Mod)  near  the  assay. 
Lead  oxide  (PbO). Dark  yellow,   hot ;   pale  yellow,  cold.    Also  (froift 

Bulpbides)  dense  white  (resembling  antimony),  a. 

mixture  of  oxide,  sulphite,  and  sulphate  of  lead. 
Bismuth  triozide  (Bl«Oa) Dark  oranee-yellow  (N),  paler  on  cooling;  also  bluish 

white  (D).    See  further,  p.  265. 

Cridmiam  oxide  (OdO) Nearly  blsck  to  reddish  brown  (N)  and  orange  yellow 

(D);  often  iridescent. 

Tn  the  above  are  also  to  be  added  the  following: 

Selenium  dioxide.  BeOj.  sublimate  steel-gray  (N)  to  white  tinged  with  red  (D);  touched 
with  R.F.  fflven  an  azure-blue  flame;  also  an  offensive  selenium  odor. 

Tellurium  dioxide,  TeOi,  sublimate  dense  white  (N)  to  gray  (D);  in  B.F.  volatilizes 
with  e^reen  flame. 

Tin  dioxide.  SnO*,  sublimate  faint  yellow  hot  to  white  cold;  becomes  bluish  greea 
when  moistened  with  cobalt  solution  and  ignited. 

Silver  (with  lead  and  antimony),  sublimate  reddish. 

(e)  Hie  Infusible  Residue. — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or  tin. 
(2)  It  may  give  an  alkaline  reaction  after  ignition:  alkaline  earths.  (3)  It 
mav  be  magnetic,  showing  the  presence  of  iron  (or  nickel).  (4)  It  may  yield 
a  globule  or  mass  of  a  metal  (Art.  482). 

482.  Bednction  on  CharcoaL — In  many  cases  the  reducing  flame  alone 
suffices  on  charcoal  to  separate  the  metal  from  the  volatile  element  present, 
with  the  result  of  giving  a  globule  or  metallic  mass.  Thus  silver  is  obtained 
from  argentite  (Ag,S)  and  cerargyrite  (AgCl);  copper  from  chalcocite  (Cu,S) 
and  cuprite  (Cu,0),  etc.  The  process  of  reduction  is  always  facilitated  by  the 
nse  of  soda  as  a  flux,  and  this  is  in  many  cases  (sulpharsenites,  etc.)  essential. 

The  finely  pulverized  mineral  is  intimately  mixed  with  soda,  and  a  drop  of 
water  added  to  form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and 
snhjectpd  to  a  strong  reducing  flame.  More  soda  is  added  as  that  present 
sinks  into  the  coal,  and,  after  the  process  has  been  continued  some  time,  a 
metallic  globule  is  often  visible,  or  a  number  of  them,  which  can  be  removed 
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and  separately  examined.  If  not  distinct,  the  remainder  of  the  flux,  the  assay, 
and  the  sarronnding  coal  are  cat  out  with  a  knife,  and  the  whole  ground  np 
ill  a  mortar,  with  the  addition  of  a  little  water.  The  charcoal  is  carefully 
washed  away  and  the  metallic  globules,  flattened  out  by  the  process,  remain 
behind.  Some  metallic  oxides  are  very  readily  reduced,  as  lead,  while  others, 
as  copper  and  tin,  require  considerable  skill  and  care. 

The  metals  obtained  (in  globules  or  as  a  metallic  mass)  maybe:  iron, 
nickel,  or  cobalt,  recognized  by  their  being  attracted  by  the  magnet;  copper, 
color  red;  bismuth,  lead-^ay,  brittle;  goU,  yellow,  not  soluble  in  nitric  acid; 
silver,  white,  soluble  in  nitric  acid,  the  solution  giving  a  silver  chloride  pre- 
cipitate (p.  255) ;  tin,  white,  harder  than  silver,  soluble  in  nitric  acid  with 
separation  of  white  powder  (SnOJ;  lead,  lead-gray  (oxidizing),  soft  and 
fusible.  The  coatings  (see  the  list  of  sublimates  ab[>ve)  often  serve  to  identify 
the  metal  present. 

The  metals  obtained  may  be  also  tested  with  borax  on  the  platinum  wire. 

483.  Detection  of  Sulphur  in  Sulphates. — By  means  of  soda  on  charcoal 
the  presence  of  sulphur  in  the  sulphates  may  be  shown,  though  thev  do  not 
yield  it  upon  simple  heating.  When  soda  is  fused  on  charcoal  with  a  com- 
pound of  sulphur  (sulphide  or  sulphate),  sodium  sulphide  is  formed,  and  if 
much  sulphur  is  present  the  mass  will  have  the  hepar  (liver-brown)  color.  In 
any  case  the  presence  of  the  sulphur  is  shown  by  placing  the  fused  mass  on  a 
clean  surface  of  silver,  and  adding  a  drop  of  water;  a  olack  or. yellow  stain 
of  silver  sulphide  will  be  formed.  Illuminating  gas  often  contains  sulphur, 
and  hence,  when  it  is  used,  the  soda  should  be  first  tried  alone  on  charcoal, 
and  if  a  sulphur  reaction  is  obtained  (due  to  the  gas),  a  candle  or  lamp  muet 
be  employed  in  the  place  of  the  gas. 

484.  It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility 
or  infusibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  ^lass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal.  Many 
silicates,  though  alone  difficultly  fusible,  dissolve  in  a  little  soda  to  a  clear 
glass,  but  with  more  soda  thej  form  an  infusible  mass.  Manganese,  when 
present  even  in  minute  quantities,  gives  a  bluish-green  color  to  the  soda  bead. 

4.   TRBATMBin?  OK  THE  PLATINUM  WiEB. 

485.  Use  of  the  Fluxes. — The  three  common  fluxes  are  borax,  salt  of 
phosphorus,  and  carbonate  of  soda  (p.  254).  They  are  generally  used  with  the 
platinum  wire,  less  often  on  charcoal  (see  p.  260).  If  the  wire  is  employed  it 
must  have  a  small  loop  at  the  end;  this  is  heated  to  redness  and  dipped  into 
the  powdered  flux,  and  the  adhering  particles  fused  to  a  bead;  this  operation 
is  repeated  until  the  loop  is  filled.  Sometimes  in  the  use  of  soda  the  wire  may 
at  first  be  moistened  a  little  to  cause  it  to  adhere. 

When  the  bead  is  ready  it  is,  while  hot,  brought  in  contact  with  the  pow- 
dered mineral,  some  of  which  will  adhere  to  it,  and  then  the  heating  process 
may  be  continued.  Very  little  of  the  mineral  is  in  general  required,  and  the 
experiment  should  be  commenced  with  a  minute  quantity  and  more  added  if 
necessary.  The  bead  must  be  heated  successively  first  in  the  oxidizing  flame 
(O.F.)  and  then  in  the  reducing  flame  (R.F.),  and  in  each  case  the  color  noted 
when  hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  contufninp^  sulphur  or  nrvpiiio.  or  both,  must  he  first  rofJxUd  (fn^.  \).  261)  lill 
these  substances  have  been  vohitilized.     If  too  nnich  of  the  nnneral  bus  been  mldeil  unci  ilic 
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bead  is  hence  too  opaque  to  show  the  color,  it  may,  wtiilo  hot,  be  flattened  out  vitli  tlje 
hammer,  or  drawn  out  into  a  wire,  or  pan  of  it  may  be  removed  and  the  remainder  diluted 
witi)  more  of  the  flux. 

With  salt  of  phosphorus,  the  wire  should  be  h^ld  above  the  flame  so  that  the  escaping 
griscs  may  support  the  bead;  this  is  continued  till  quiet  fusion  is  attained. 

It  is  to  be  noted  that  the  colors  vary  much  \>ith  the  amount  of  material  present;  they 
are  also  modified  by  the  presence  of  other  metals. 

486.  Borax. — The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  both  in  the  oxidizing  (O.F.)  and  reducing  flames  (B.F.), 
and  also  the  metals  to  the  presence  of  whose  oxides  the  colors  are  due.  Com- 
pare further  the  reactions  given  in  the  list  of  elements  (Art.  488). 

Color  in  Borax  Bead.  Substance. 

1.  Oxidizing  Flame. 
Colorle«»  or  opaque  white. . .  Silica,  calcium,  aluminium;  also  silver,  zinc,  etc. 

Iron,  cold— (pale  yellow,  hot,  if  in  small  amount). 
Red,  red-brown  to  brown. . . .  Chromium  (CrOi),  hot— (yellowish  green,  cold). 

Manganese  (Mn.Oi),  amethystine-red— (violet,  hot). 
Iron  (Fe,Ot),  hot— (yellow,  cold)— if  saturated. 
Nickel  (NiO).  red-brown  to  brown,  cold— (violet,  hot). 
Uranium  (UOi).  hot— (yellow,  cold). 

Green...... Copper  (CuO),  hot— (blue,  cold,  or  bluish  green  if  highly 

saturated). 
Chromium  (CrOi),  yellowish  green,  cold— (red,  hot). 

Yellow • Iron  (FcsOs).  hot— (pale  vellow  to  colorless,    cold)— but 

red-brown  aod  yellow  if  saturated. 
Uranium  (UOi).  hot,  if  in  small  amount;  paler  on  cooling. 
Chromium  (CrOt),  hot  and  in  small  amount — (yellowish 
green,  cold). 

Blue Cobalt  (CoO),  hot  and  cold. 

Copper  (CuO),  cold  if  highly  saturated— (green,  hot). 

Violet.... Nickel  (NiO).  hot— (red-brown,  cold). 

Manganese  (MuaOt),  hot — (amethystine-red,  cold). 

2.  Rbducino  Flame  (R.F.). 

Colorless-  •••••• Manganese  (MnO),  or  a  faint  rose  color. 

Hed •••• Copper  (Cu«0,  with  Cu),  opaque  red. 

Green Iron  (FeO).  bottle-green. 

Chromium  (Cr«Ot),  emerald-green. 

Uranium  (UsOi),  yellowish  green  if  saturated. 

Blue , Cobalt  (CoO),  hot  and  cold. 

Gray,  turbid Nickel  (Ni). 

487.  Salt  of  Phosphonu.— This  flux  rives  for  the  most  part  reactions 
similar  to  those  obtained  with  borax.  The  only  cases  enumerated  here  are 
those  which  are  distinct^  and  hence  those  where  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glass  in  which  the  bases  of  the  silicate  are 
dissolved,  but  the  silica  itself  is  left  insoluble.  It  appears  as  a  skeleton  readily 
seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads,  and  the  metals  to  whose  oxides  these  are  due,  are: 
Color.  Substance. 

Red Chromium  in  O.F.,  hot— (fine  green  when  cold).- 

Green Chromium  in  O.F.  and  R.F.,  when  cold-(red  in  0,F.,  hot). 

Molybdenum  in  R.F.,  dirty  green,  hot;  fine  green,  cold — (yellow-green 

in  O.F.). 
Uranium  in  R.F.,  cold;  yellow-green,  hot. 

Vanadium,  chrome- green  in  R.F.,  cold — (brownish  red,  hot).    In  O.F. 
dark  yellow,  hot,  pnler  ou  cooling. 
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Ck>lor.  Bubstaaoe. 

Yellow Molvbdenum,  yellowish  greeo  lu  O.F.,  hot,  paler  on  cooling— (iu  R.F.» 

dirty  green,  hot;  fine  green,  cold). 
Uranium  in  O.F.,  hot;  yellowish  green,  cold^in  R.F.,  yellowish  green. 

hot;  green,  cold). 
Vanadium  in  O.F.,   dark  yellow,   hot,   paler  ou    cooling— (in  RF.. 
brownish  red,  hot;  chrome- green,  cold). 

Violet Titanium  (TiO,)  lu  R.F.,  yellow,  hot.    (Also in  O.F.  yellow,  hot;  cold 

less,  cold.) 

CHAaACTEBISTIC  BeACTIONS  OF    THE   IhPORTAKT    ELEMENTS  AND   OF  SOUE 

OF  THEiB  Compounds. 

488.  The  following  list  contains  the  most  characteristic  reactions,  chiefly 
before  the  blowpipe  and  in  some  cases  also  in  the  wet  way,  of  the  dif- 
ferent elements  and  their  oxides.  It  is  desirable  for  every  sttident  to  gain 
familiarity  with  them  by  trial  with  as  many  minerals  as  possible.  Many  of 
them  have  already  been  briefly  mentioned  in  the  preceding  pages.  For  a 
thoroughly  full  description  of  these  and  other  characteristic  tests  (blowpipe 
and  otherwise)  reference  should  be  made  to  the  volume  by  Brush  and  Penfieiu 
referred  to  on  p.  256. 

It  is  to  be  remembered  that  while  the  reaction  of  a  single  substance  n^iy 
be  perfectly  distinct  if  alone^  the  presence  of  other  substances  may  more  or 
less  entirely  obscure  these  reactions;  it  is  consequently  obvious  that  in  the 
actual  examination  of  minerals  precautions  have  to  be  taken,  and  special 
methods  have  to  be  devised^  to  overcome  the  difficulty  arising  from  this  cause. 
These  will  be  gathered  from  the  **  pyrognostic  characters''  (^yr-)  given  in  con- 
nection with  the  description  of  each  species  in  the  Third  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reactions.* 
The  methods,  however,  require  for  the  most  part  so  much  detailed  explana- 
tion, that  it  is  only  possible  here  to  make  this  general  reference  to  the  subject. 

Aluminium. — The  preseDce  of  aluniinium  In  most  infusible  minerals,  containing  n  con- 
siderable amount,  may  be  detected  by  the  blue  color  which  they  assume  when,  afier  beini: 
heated,  they  are  moistened  with  cobalt  solution  and  again  ignited  {e,g.,  cyaniie,  audnlusiie. 
etc.).  Very  hard  minerals  (as  corundum)  must  be  first  finely  pulverized.  The  test  is  noi 
conclusiye  with  fusible  minerals  siace  a  elass  colored  blue  by  cobalt  oxide  miiy  be  formeci. 
It  is  to  be  noted  that  the  infusible  calamine  (zinc  silicate)  also  assumes  a  blue  color  whcti 
treated  with  cobalt  nitrate. 

Antimony. — Antimonial  minerals  roasted  on  charcoal  give  dense  white  inodorous  fumes: 
metallic  antimony  and  its  sulphur  compounds  give  in  the  open  tube  a  white  sublimate  of 
oxide  of  antimony  (see  p.  260).     Antimony  sulphide  (stibnlte),  also  many  sulphautimoQiie.*^. 

five  in  a  strong  heat  in  the  closed  tube  a  sublimate  of  antimony  0X3'sulph{ae,  black  ^ben 
ot,  brown-renwhen  cold.     See  also  p.  260. 

In  nitric  acid,  compounds  containing  antimony  deposit  white  insoluble  metantlnioDic 
acid. 

^rMnic.— Arsenides,  sulpharsenites,  etc.,  give  off  fumes  when  roasted  on  ckarconl. 
usually  easily  recognized  by  their  peculiar  garlic  odor.  In  the  open  tube  they  give  a  wbin , 
volatile,  crysUlline  sublimate  of  arsenic  trioxide.  In  the  closed  tube  arsenic  sulphiiie 
gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish  yellow  when  cold;  urbenic 
and  some  arsenides  yield  a  black  mirror  of  metallic  Rrseuic  in  the  closed  tube.  In  a^senute^ 
the  arsenic  can  be  detected  by  the  garlic  odor  yielded  when  a  mixture  of  the  powdered 
mineral  with  charcoal  dust  and  sodium  carbonate  is  heated  (H  F.)  on  charcoal. 

Barium. — A  yellowish- green  coloration  of  the  flame  is  given  by  all  barium  salts,  except 
the  silicates;  an  alkaline  reaction  is  usually  obtained  after  intense  ignition. 

*  Flammenreactionen,  Lieb.  Ann.,  138,  257,  1866,  or  Phil.  Mag.,  32,  81,  1866. 


CUEMICAL  EXAlflKATiOK   OF  MINERALS.  265> 

In  solution  the  presence  of  barium  is  proTed  bj  the  heavy  white  precipitate  (BaSO«)« 
formed  upon  the  addition  of  dilute  sulphuric  acid. 

Bi»rmM,^On  charcoal  alone,  or  better  with  soda,  bismuth  gives  a  very  characteristic 
orange-yellow  sublimate;  brittle  globules  of  the  reduced  metiu  are  also  obtained  (witU 
soda;.  Also  when  treated  with  8  or  4  times  the  volume  of  a  mixture  in  equal  |)aru  «'f 
potassium  Iodide  and  sulphur,  and  fused  on  charcoal,  a  beautiful  red  sublimate  of  bismuth' 
iodide  is  obtained;  near  the  mineral  the  coating  is  yellow. 

A^ron.— Many  compounds  containing  boron  (borates,  also  the  silicates  datolite,  danbur^ 
ite,  etc.)  tinge  the  Uame  intense  yellowish  green,  especially  if  moistened  with  sulphuric 
acid.  For  some  silicates  (as  tourmaline)  the  best  method  is  to  mix  the  powdered  mineral 
with  one  part  powdered  fluorite  aud  two  parts  potassium  bisulphate.  The  mixture  is 
moistened  and  placed  on  platinum  wire.  At  the  moment  of  fusion  the  green  color  appears, 
but  lasts  but  a  moment. 

A  dilute  hydrochloric  acid  solution  contaikitng  boron  gives  a  reddish-brown  color  to 
turmeric  paper  which  has  been  muit^tened  with  it  and  then  dried  at  100";  the  color  changes 
to  black  when  ammonia  is  poured  on  the  paper. 

CkUeium. — Many  calcium  minerals  (carbonates,  sulphates,  etc.)  jg:ive  an  alkalioe  reaction 
on  turmeric  paper  after  being  ignited.  A  yellowish-red  color  is  given  to  the  flame  by  some 
compounds  («.^.,  calcite  after  moistening  with  HCl);  the  strontium  flame  is  a  much  deeper 
red 

In  solutions  (not  too  acid)  calcium  is  precipitated  as  oxalate  by  the  addition  of  ammonium 
oxalate. 

Cadmium.^On  charcoal  with  soda,  compounds  of  cadmium  give  a  characteristic  sub- 
limate of  the  reddish- brown  oxide. 

Carbonat€9,—A.\\  carbonates  effervesce  with  dilute  hydrochloric  acid,  yielding  the  odor- 
less gas  CO«  {e.g.,  calcite);  many  require  to  be  pulverized,  and  some  need  the  addition  of 
heal  (dolomite,  siderite).     Carbonates  of  lead  should  be  tested  with  nitric  ucid. 

Chlorides. — If  a  small  portion  of  a  mineral  containing  chlorine  (a  chloride,  also  pyro- 
morphite,  etc.)  is  added  to  the  bead  of  suit  of  phosphorus,  saturated  with  copper  oxide,  the 
bead  when  heated  is  instantly  surrounded  with  an  intense  purplish  flame  of  copper  chloride. 

In  solution  chlorine  gives  with  silver  nitrate  a  white  curdy  precipitate  of  silver  chloride, 
which  darkens  in  color  on  exposure  to  the  light;  it  is  insoluble  in  nitric  acid,  but  entirely 
io  in  ammonia. 

C/tromitim.— Chromium  eives  with  borax  a  bead  which  (O.F.)  is  yellow  to  red  (hot) aud 
yellowish  ^reeu  (cold)  and  K.F.  a  fine  emerald -green.  With  salt  of  phosphorus  in  O.F. 
the  bead  is  dirty  green  (hot)  aud  clear  ^reen  (cold);  in  R.F.  the  same.  Cf.  Vanadium 
beyond  (also  p.  268). 

Cobalt. — A  beautiful  blue  bead  is  obtained  with  borax  in  both  flames  from  miuerals- 
containing  cobalt;  the  color  may  be  obscured  by  considerable  iron  or  nickel  unless  these 
are  first  oxidized  off  (p.  18*2).  Where  sulphur  or  arsenic  is  present  the  mineral  should 
first  1)6  thoroughly  roasted  on  charcoal. 

Capper. -^On  charcoal,  at  least  with  soda,  metallic  copper  can  be  reduced  from  most  of 
its  compounds.  With  borax  it  give?  (O.F.)  a  green  bead  when  hot.  becoming  blue  when 
cold;  also  (R.F.),  if  saturated,  an  opaque  red  bead  containing  Cu«0  and.  often  Cu  is^ 
obtained. 

Most  rQcUllic  compounds  are  soluble  in  nitric  acid.  Ammonia  produces  a  green  pre- 
cipiini.-  in  the  solution,  which  is  dissolved  when  an  excess  is  added,  the  solution  taking  :m 
iDtense  blue  color. 

Flaarine.-'VLev^^  in  the  closed  tube  many  fluorides  give  off  fumes  of  hydrofluoric  acid, 
whicli  react  acid  with  test-paper  and  eich  the  glass.  Sometimes  potassium  bisulphate  must 
be  added  (see  also  p.  260). 

Heated  gently  in  a  platinum  crucible  with  sulphuric  acid,  many  compounds  {e.g.^ 
fluorite)  give  off  hydrofluoric  acid,  which  corrodes  the  exposed  parts  of  a  glass  plate  placed 
over  it  which  has  been  coated  with  wax  and  then  scratched. 

/wn.— With  borax  iron  gives  a  bead  (O.F.)  which  is  yellow  to  brownish  red  (according 
to  quantity)  while  hot.  but  is  colorless  to  yellow  on  cooling;  R.F.  becomes  bottle-green 
(see  p.  263).  Minemls  which  contain  even  a  small  amount  of  iron  yield  a  magnetic  mass 
when  heated  in  the  reducing  flame. 

/v^od.— With  soda  on  charcoal  a  malleable  globule  of  metallic  lead  fs  obtained  from  read 
compounds;  Ihe  coating  has  a  yellow  color  near  the  assay;  the  sulphide  gives  also  a  white 
coaiinsr  (PbSOi)  farther  off  (p.  261).  On  being  touched  with  the  reducing  flame  the  coat- 
ing disappears,  tiugeing  the  flame  azure-blue. 

In  solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  sulphate;  when. 
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delicacy  is  required  an  excess  of  the  acid  is  added,  the  solution  eyaporated  to  dryness,  and 
Nvuter  added;  the  lead  sulphate,  if  present,  will  then  be  left  as  a  residue. 

LWdum. — Lithium  gives  an  intense  carmine-red  lo  the  outer  tluiue,  the  color  somcwbai 
resembling  that  of  the  strontium  flame  but  is  deeper;  in  very  small  quantities  it  is  evideui 
in  I  tie  spectroscope. 

Magnesium, — Moistened,  after  heating,  with  cobalt  nitrate  and  again  ignited,  a  pink 
color  is  obiHined  from  some  infusible  compounds  of  maguesium  (e.g.,  bmcite). 

Manga lese. — With  borax  manganese  gives  a  bead  violet- red  (O.F.),  and  colorless  (R.F.). 
With  soda  (O.F.)  it  gives  a  bluish -green  bead;  this  reaction  is  very  delicate  and  may  k- 
relied  upon,  even  in  presence  of  almost  any  other  metal. 

Mercury. — In  the  closed  tube  a  sublimate  of  metallic  mercury  is  yielded  when  the 
mineral  is  heated  with  dry  sodium  carbonate.  In  the  open  tube  the  sulphide  gives  a  mirror 
of  metallic  mercury;  in  the  closed  tube  a  black  lusierless  sublimate  of  HgS.  red  wbeu 
rubbed,  is  obtained. 

Molybdenum.— On  charcoal  molybdenum  sulphide  gives  near  the  assay  a  copper  red 
stain  (O.F.),  and  beyond  a  white  coating  of  the  oxide;  the  former  becomes  azure-blue  wben 
for  a  moment  touched  with  the  H.F.  The  salt  of  phosphorus  bead  (O.F.)  is  7^'^!^^'^ 
green  (iiot)  and  nearly  colorless  (cold);  also  (K.F.)  a  fine  green. 

A'»icA»?.— With  borax,  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet  when  hot  and 
redbrown  on  cooling;  (R.F.)  the  glass  becomes  gray  and  turbid  from  the  separation  of 
metallic  nickel. 

Niobium  (Columbium)  —An  acid  solution  boiled  with  metallic  tin  gives  a  blue  color. 
The  reactions  with  the  fluxes  are  not  very  satisfactory. 

NUraUi8.—T\ie&^  detonate  when  heated  on  charcoal.  Heated  in  a  tube  with  sulphuric 
acid  they  give  off  red  fumes  of  nitrogen  dioxide  (NOi). 

P!io»phoru$  —Most  phosphates  impart  a  green  color  to  the  flame,  especially  after  having 
been  moistened  with  sulphuric  acid,  though  this  test  may  be  rendered  unsatisfactory  by 
the  presence  of  other  coloring  agents.  If  they  are  used  in  the  closed  tube  with  a  fragment 
of  meinllic  magnesium  or  sodium,  and  afterward  moistened  with  water,  phosphureted 
hydrogen  is  given  off,  recognizable  by  its  disagreeable  odor. 

A  few  drops  of  a  nitric  acid  solution,  containing,  phosphoric  acid,  produces  in  a  solu- 
tion of  ammouium  molybdate  a  pulverulent  yellow  precipitate  of  ammonium  phospko- 
molybdate. 

Potassium  —Potash  Imparts  a  violet  color  to  the  flame  when  alone.  It  is  best  detected 
in  small  quantities,  or  when  soda  or  liihia  is  present,  by  the  aid  of  the  spectroscope.  See 
also  p.  259. 

Selenium.— On  charcoal  selenium  fuses  easily,  giving  off  brown  fumes  with  a  peculiar 
disagreeable  organic  odor;  the  sublimate  on  charcoal  is  volatile,  and  when  heated  (RF.) 
gives  fi  fine  «zu re-blue  flame. 

Silicon. — A  small  fragment  of  a  silicate  in  the  salt  of  phosphorus  bead  leaves  a  skeleton 
of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  fine  ix)wder  is  fused  with  sodium  cnrbonate  and  the  mass  then  dissolved 
in  hydrochloric  acid  and  ev«pornted  to  diyness,  the  silica  is  made  insoluble,  and  wben 
{(irong  hydrochloric  acid  is  added  and  then  water,  the  bases  are  dissolved  and  the  silica  left 
behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by  strong  hydro- 
cliloric  ncid,  the  silica  separating  as  a  powder  or^  after  evaporation,  as  a  jelly  (see  p.  25o). 

Silver. — On  charcoal  in  O.F.  silver  gives  a  brown  coating.  A  globule  of  metallic  silver 
may  generally  be  obtnine<l  by  heating  on  charcoal  in  O.F.,  especially  if  soda  is  adfled. 
Under  some  circumstances  it  is  <iesirable  to  have  recourse  to  cupellatiou. 

From  a  solution  containing  any  salt  of  .silver,  the  insoluble  chloride  is  thrown  down 
when  hydrochloric  acid  is  added.  Tliis  precipitate  is  insoluble  in  acid  or  water,  bni 
entirely  so  in  ammonia.     It  changes  color  on  exposure  to  the  light. 

5/row^»Mm.— Compounds  of  strontium  are  usually  recognized  by  the  fine  crimson-red 
which  they  give  to  the  blowpipe  flame;  many  yield  an  alkaline  reaction  after  ignition. 
(Cf.  barium.) 

Sodium. — Compounds  containing  sodium  in  large  amount  give  a  strong  yellow  flame. 

Sulphur,  Sulphides,  Sulphates, — In  the  clo.sed  tube  some  sulphides  give  off  sulphur;  in 
the  open  tube  they  yield  .^ulphur  dioxide,  which  has  a  characteristic  odor  and  reddens  a 
strip  of  moistened  litmus  paper.  In  small  quantities,  or  in  sulphates,  sulphur  is  best 
detected  by  fusion  on  charcoal  with  soda.  The  fused  mass,  when  sodium  sulphide  has 
thus  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened;  a  distinct  black  stain  on 
the  silver  is  thus  obtained  (the  precaution  mentioned  on  p.  262  must  be  exercised). 
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A  solution  in  hydrochloric  acid  gives  with  barium  chloride  a  white  insoluble  precipitate 
of  barium  sulphate. 

Tellurium, — Tellurides  heated  in  the  open  tube  give  a  white  or  grayish  subllmnte, 
fusible  to  colorless  drops  (p.  2(K)).  On  charcoal  they  give  a  white  coating  and  color  tLc 
R.F.  green. 

Tin, — Minerals  containing  tin  {e.g.,  cassiterite),  when  heated  on  charcoal  with  soda  or 
potassium  cyanide,  yield  metallic  tin  in  minute  globules:  these  are  malleable,  but  harder 
than  silver.    Dissolved  iu  nitric  acid,  white  insoluble  stannic  oxide  separates  out. 

Titanium. — Titanium  gives  iu  the  R.F.  with  salt  of  phosphorus  a  bvud  which  is  violet 
when  cold.  Fused  with  sodium  carbonate  and  dissolved  with  hydrochloric  ucid,  niul 
heated  with  a  piece  of  metallic  tin,  the  liquid  takes  a  violet  color,  especially  after  pariiul 
evaporation. 

run^^^n.— Tungsten  oxide  gives  a  blue  color  to  the  salt  of  phosphorus  bend  (H.F.). 
Fused  and  treated  as  titanium  (see  above)  with  the  addition  of  zinc  instead  of  tin,  gives  a 
fine  blue  color.  • 

Uranium. — Uranium  compounds  give  to  the  salt  of  phosphorus  bead  (O.F.)  a  greenish 
yellow  bead  when  cool;  also  (R.F.)  a  line  green  on  cooling  (p.  268). 

r«/kidtu7».— With  borax  (O.F.)  vanadates  give  a  bead  yellow  (hot)  changing  to  yellow- 
i>ii  green  and  nearly  colorless  (cold);  also  (R.F.)  dirty  green  (hot),  fine  green  (cold).  With 
salt  of  phosphorus  (O.F.)  a  yellow  to  amber  color  (thus  differing  from  chromium);  also 
(U.F.)  fine  green  (cold). 

Zine. — On  charcoal  compounds  of  zinc  give  a  coating  which  is  yellow  while  hot  and 
white  on  cooling,  and  moistened  by  th^ cobalt  solution  and  again  heated  becomes  a  fine 
green.  Note,  however,  that  the  zinc  silicate  (calamine)  becomes  blue  when  heated  after 
moistenisff  with  cobalt  solution. 

Zireon%um.—A  dilute  hydrochloric  acid  solution,  containing  zirconium,  imparts  <«n 
orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Determinative  Mineralogy. 

488.  Determinatiye  Mineralogy  may  be  properly  considered  under  the 
general  head  of 'Chemical  Mineralogy,  since  the  determination  of  minerals 
depends  mostly  upon  chemical  tests.  But  crystallographic  and  all  the  physical 
characters  have  also  to  be  used. 

There  is  but  one  exhaustive  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of  a 
complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral  in 
hand  is  referred  successively  from  a  general  group  into  a  more  special  one, 
until  at  last  all  other  species  have  been  eliminated^  and  the  identity  of  the  one 
given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should.,  how- 
ever, always  be  made  before  final  recourse  is  had  to  the  tables.  This  examina- 
tion will  often  suffice  to  show  what  the  mineral  in  hand  is,  and  in  any  case  it 
should  not  be  omitted,  since  it  is  only  in  this  way  that  a  practical  familiarity 
with  the  appearance  and  characters  of  minerals  can  be  gained. 

The  stuaent  will  naturally  take  note  first  of  those  characters  which  are  at 
once  obvious  to  the  senses,  that  is:  crystalline  form  y  if  distinct;  general  struct 
ture,  cleavage^  fracivrey  luster ^  color  (and  streak),  feel;  also,  if  the  specimen  is 
not  too  small,  the  apparent  weight  will  suggest  something  as  to  tne  specific 
fjravity.  The  characters  named  are  of  very  unequal  importance.  Structure, 
if  crystals  are  not  present,  and  fracture  are  generally  unessential  except  in 
distin^ishing  varieties;  color  and  luster  are  essential  with  metallic,  but 
generally  venr  unimportant  with  unmetallic,  minerals.  Streak  is  of  importance 
onlv  with  colored  minerals  and  those  of  metallic  luster  (p.  187).  Crystalline 
form  and  cleavage  are  of  the  highest  importance,  but  may  require  careful 
study. 

The  first  trial  should  be  the  determination  of  the  hardness  (for  which  end 
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the  pocket-knife  is  often  snfiScient  in  experienced  hiands).  The  second  trial 
sliould  be  the  determination  of  the  specific  gravity.  Treatment  of  the  jk)w- 
dered  mineral  with  acids  may  come  next;  by  this  means  (see  pp.  254,  255)  u  car- 
bonate is  readily  identified,  and  also  other  results  obtained.  Then  should  foilow 
blowpipe  trials,  to  ascertain  the  fusibility ;  the  color  given  to  the  fiame,  if  auj: 
the  character  of  the  sublimate  given  off  in  the  tubes  and  on  charcoal;  the 
metal  reduced  on  the  latter;  the  reactions  with  the fluzesy  and  other  points 
as  explained  in  the  preceding  pages. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  depends  upon  his  knowledge  of  the  characters  of  minerals  in 
genera],  and  upon  his  familiarity  with  the  chemical  behavior  of  the  various 
elementary  substances  with  reagents  and  before  the  blowpipe  (pp.  264  to  '^()7j. 
If  the  results  of  such  a  preliminary  examination  are  sufficiently  definite  to 
suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of  species,  reference 
may  bo  made  to  their  full  description  in  Part.  IV.  of  this  work  for  the  final 
decision. 

A  number  of  tables,  in  which  the  minerals  included  are  arranged  according 
to  their  crystalline  and  physical  characters,  are  added  in  the  Appendix.  They 
will  in  many  cases  aid  the  observer  in  reaching  a  conclusion  in  regard  to  a 
specimen  in  hand. 

The  first  of  these  tables  is  intended  to  include  all  well-defined  species, 
grouped  according  to  the  crystalline  system  to  which  they  belong  and  arranged 
under  each  system  in  the  order  of  their  specific  ^I'avities;  the  hardness  is  also 
added  in  each  case.  The  relative  importance  of  the  individual  species  is  shown 
by  the  type  employed.  Following  this  are  minor  tables  enumerating  species 
chanicterized  by  some  one  of  the  prominent  crystalline  forms;  that  is,  those 
crystallizing  incubes,  octahedrons,  rhombohedrons,  etc.  Other  tables  give 
tlie  names  of  species  prominent  because  of  their  cleavage ;  structure  of 
ditferent  cypes;  hardness;  luster;  the  various  colors,  ete;  The  student  is 
recommended  to  make  frequent  use  of  these  tables,  not  simply  for  aid  in  the 
identification  of  specimens,  but  rather  because  they  will  help  him  in  the 
difficult  task  of  learning  the  prominent  characters  of  the  more  important 
minerals. 
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489.  Seope  of  DesoriptiTe  Mineralogy.— It  is  the  proYince  of  Descriptive 
Mineralogy  to  describe  each  mineral  species,  as  regards:  (1)  form  and  structure; 
(2)  physical  characters;  (3)  chemical  composition  and  allied  blowpipe  char- 
a(  ters;  (4)  occurrence  in  nature  with  reference  to  geographical  distribution 
and  association  with  other  species;  also  in  connection  with  the  above  to  show 
liow  it  is  distinguished  from  other  species.  Further,  to  classify  mineral 
species  into  more  or  less  comprehensive  groups  according  to  those  characters 
regarded  as  most  essential.  Other  points  which  may  or  may  not  be  included 
arc  the  investigation  of  the  methods  of  origin  of  minerals;  the  changes  that 
thev  undergo  in  nature  and  the  results  of  such  altei-ation;  also  the  methods 
by  which  the  same  compounds  may  be  made  in  the  laboratory;  finally,  the 
uses  of  minerals  as  ores,  for  ornament  and  in  the  arts. 

490.  Scheme  of  Classification. — The  method  of  classification  adopted  in  this 
work,  and  the  one  which  can  alone  claim  to  be  thoroughly  scientific,  is  that 
vl)ich  places  similar  chemical  compounds  together  in  a  common  class  and 
which  further  arranges  the  mineral  species  into  groups  according  to  the  more 
minute  relations  existing  between  them  in  chemical  composition  and  in 
cry.tttiilline  form  and  other  physical  properties. 

Upon  this  basis  there  are  recognized  eight  distinct  classes,  beginning_with 
the  Native  Elements;  these  are  enumerated  on  the  following  page.  Under 
each  of  these,  sections  of  different  grades  are  made,  also  based  on  chemical 
relationships.  Finally,  the  mineral  species  themselves  are  arranged,  as  far  as 
possible,  in  isomorphous  groups,  including  those  which  have,  at  once,  analo- 
gous chemical  composition  and  similar  crystallization  (see  Art.  456).  It  is 
unnecessary  to  take  the  space  here  to  develop  the  entire  scheme  of  classi- 
fication in  detail,  since  a  survey  of  the  successive  sub-classes  under  any  one  of 
the  divisions  will  make  the  principles  followed  entirely  clear.  A  few  remarks, 
only,  are  added  for  sake  of  illustration. 

Under  the  Oxides,  for  example,  the  classification  is  as  follows:  First,  the 
Oxides  of  silicon  (quartz,  tridymite,  opal).  Second,  the  Oxides  of  the  semi- 
metals,  tellurium,  arsenic,  antimony,  bismuth,  also  molybdenum,  tungsten. 
Third,  the  Oxides  of  the  metals,  as  copper,  zinc,  iron,  manganese,  tin,  etc. 
The  third  section  is  then  subdivided  into  the  anhydrous  and  hydrous  species. 
Further,  the  former  fall  Into  the  four  divisions:  Protoxides,  R,0  and  EO;  Ses- 
qiiioxides,  R.O,;  Intermediate  oxides,  E0,R,0,;  Dioxides,  EO,.  Under  each 
of  these  heads  come  finally  the  individual  species,  arranged  so  far  as  possible 
in  isomorphous  groups.  Thus  we  have  the  Hematite  group,  the  Entile 
group,  etc. 

In  regard  to  the  various  classes  of  salts  it  may  be  stated  that,  in  general, 
they  are  separated  into  anhydrous,  acid,  basic  and  hydrous  sections;  the 
special  subdivisions  called  for,  however,  vary  in  the  different  cases. 

For  an  explanation  of  the  abbreviations  used  in  the  description  of  species,  see  p.  4. 
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SCHEME  OF  CLASSITICATION. 

I.  Native  EiEXEirrs. 
II.  Sulphides,  Selenides,  Tellubides,  Assekides,  Ahtimokidss. 

III.  Sulpho-saltS—SVLFHABSEHITES,  SULPHAirTIl[0N;T£8,  SULFHOBISICUTH- 

ITE8. 

IV.  Haloids— CHL0BIDE8,  BSOKIDES,  IODIDES;  FLUOEIDES. 

V.  Oxides. 
VI.  Oxygren  Salts. 

1.  Carboitates. 

2.  Silicates,  Titaitates. 

3.  Hiobates,  Taktalates. 

4.  Phosphates,    Absebates,   Tabadates;    Abtimobates.    Hi- 

tbates. 

6.  BOBATES.      TJBABATES. 

6.  Sulphates,  Chbomates,  Tellubates. 

7.  tuhgstates,  moltbdates. 

VII.  Salts  of  Organic  Acids:  Oxalates,  Mellates,  etc 
VIII.  Htdbocabbob  Compoubds. 
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I.    NATIVE    ELEMENTS. 

The  NATIVE  ELEMENTS  are  divided  iuto  the  two  distinct  sections  of  the 
^letals  and  the  Non-metals,  and  these  are  connected  by  the  transition  class  of 
the  JSemi- metals.  The  distinction  between  them  as  regards  physical  characters 
aud  chemical  relations  has  already  been  given  (Art.  437j. 

The  only  yion-metals  present  among  minerals  are  carbon,  sulphur,  aud 
selenium;  the  last,  in  one  of  its  allotropic  forms,  is  closely  related  to  the  semi- 
metal  tellurium. 

The  native  semi-nietals  form  a  distinct  group  by  themselves,  since  all 
crystallize  in  the  rhombohedral  system  with  a  fundamental  angle  differing  a 
few  degrees  only  from  90°,  as  shown  in  the  following  list: 

Tellurium,  rr'  =  93"^    3'.  Arsenic,  rr'  =  94°  54'. 

Antimony,  rr'  =  92°  53'.  Bismuth,  rr'  =  92°  20'. 

An  artificial  form  of  selenium  is  known  with  metallic  luster  and  rhombo- 
hedral in  crystallization,  with  rr'  =  93°.  Zinc  (also  only  artif.)  is  rhombolie* 
dral  (rr'  =  93°  46')  and  connects  the  semi-metals  to  the  true  metals. 

Among  the  meiaU  the  isometric  Gold  group  is  prominent,  including  gold^ 
silver,  copper,  mercury,  amalgam  (AgHg),  and  l^ad. 

Anotner  related  isometric  group  includes  the  metals  platinum,  iridium^ 
palladium,  and  iron;  further  palladium  is  rhombohedral  and  also  iridosmine 
(IrOs). 

DIASfOND. 

Isometric  and  probably  tetrahedral,  but  the  -|-  and  —  forms  not  distin- 
guished. Commonly  in  octahedrons,  also  hexoctahedrons  and  other  forms; 
ifaces  frequently  rounded  or  striated  and  with  triangular  depressions  (on  o). 

676.  576.  677. 


Twins  common  with  tw.  pi.  o.    Crystals  often  distorted.    In  spherical  forms; 
massive. 

Cleavage:  o  highly  perfect.  Fracture  conchoidal.  Brittle.  H.  =  10. 
G.  =  3'516-3'525  crystals.  Luster  adamantine  to  greasy.  Color  white  or 
colorless;  occasionally  various  pale  shades  of  yellow,  red,  orange,  green,  bine, 
brown;  sometimes  black.  Usually  transparent;  also  translucent,  opaque. 
Refractive  and  dispersive  power  high;  index  Uj  =  2 "4195.     (See  Art.  305.) 

Var.— 1.  Ordinary,  In  crystals  usually  with  rounded  faces  aud  varying  from  those 
which  are  colorless  and  free  from  flaws  {first  water)  through  many  faint  shades  of  col(»r, 
yellow  the  most  common;  often  full  of  flaws  and  hence  of  value  only  for  cutting  purposes. 
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2.  Bort  or  Boort ;  rounded  forms  with  rough  exterior  and  radiated  or  confused  crystal- 
line structure. 

8.  Carlxniodo  or  Carbon;  black  diamond.  Massive,  crystalline,  granular  to  compact, 
without  cleavage.  Color  black  or  grayish  black.  Opaque.  Obtained  chiefly  from  Bahia. 
Bmzil. 

Comp. — Pare  carbon;  the  yarietj  carbonado  yields  on  combustion  a  slight 
ash. 

Pyr.,  etc. — Unaffected  by  heat  except  at  very  high  temperatures,  when  (in  au  oxygen 
atmosphere)  it  burus  to  carbon  dioxide  (C0|);  out  of  contact  with  the  air  trausfoimed  into 
n  kind  of  coke.     Not  acted  upon  by  acids  or  alkalies. 

Diff— Distinguished  {e.g.,  from  quartz  crystal)  by  its  extreme  hardness  and  briDiant 
adamantine  luster;  the  form,  cleavage,  and  hiffh  specific  gravity  are  also  distinctive  cLar- 
acters;  it  is  optically  isotropic;  transparent  to  A-rays. 

Obs. — Tbe  diamond  occurs  chiefly  in  alluvial  deposits  of  gravel,  sand,  or  cla}'.  asso- 
ciated wiih  quartz,  gold,  platinum,  zircon,  ociahedrite,  rutile,  brookiie,  hematite,  ilmeniie, 
and  also  andalusite,  chrysoberyl,  topaz,  corundum,  tourmaline,  garnet,  etc.;  tbe  associated 
minerals  beiug  those  common  in  granitic  rocks  or  granitic  veins.  Also  found  in  quartzose 
conglomerates,  and  further  in  connection  with  the  laminated  granular  quartz  rock  or 
quartzose  hydromica  schist,  iiaeolumyte,  which  in  thin  slabs  is  more  or  less  flexible.  This 
rock  occurs  at  the  mines  of  Brazil  and  tbe  Urals;  and  also  in  Georgia  and  Korth  Carolioa, 
where  a  few  diamonds  have  been  found. 

It  has  been  reported  as  occurring  in  situ  in  a  pegmatite  vein  in  gneiss  at  Bellary  id 
India.  It  occurs  further  in  connection  with  an  eruptive  peridotite  in  South  Africa.  It  bas 
been  noted  as  grayish  particles  forming  one  per  cent  of  the  meteorite  which  fell  at  Novo- 
Urei,  Russia,  &pt.  22,  1886;  also  in  the  form  of  black  diamond  (H.  =  9)  in  the  meteorite 
of  Garcote,  Chili;  in  the  meteoric  fron  of  Cafion  Diablo,  Arizona.  It  has  been  formed 
artificially  by  Moissan. 

India  was  the  chief  source  of  diamonds  from  very  early  times  down  to  the  diECover)  of 
the  Brazilian  mines;  the  yield  is  now  small.  Of  the  localities,  that  in  southern  India,  in  the 
Madras  presidency,  included  the  famous  ''Golconda  mines.'*  The  diamond  deposits  of 
Brazil  have  been  worked  since  the  early  part  of  the  18th  century,  and  have  yielded  very 
largely,  although  at  the  present  time  the  amount  obtained  is  small.  The  nrost  impcrtjiiit 
region  was  that  near  Diamantina  in  tbe  province  of  Minns  Geraes;  iilso  from  Babia,  etc. 

The  discovery  of  diamonds  in  South  Afiica  dates  from  1867.  They  were  first  found  n 
tlie  gravel  of  the  Vaal  river;  they  occur  from  Potchefsiroom  down  to  ihe  Junction  wiili  ile 
Orange  river,  and  along  the  latter  ns  far  as  Hoj^e  Town.  These  rite7-  digffivgM  sie  i:(w 
comparatively  unproductive,  and  have  been  nearly  abandoned  for  the  dry  dt^git^gi, 
discovered  in  1871. 

The  latter  are  chiefly  in  Griqualand-West,  south  of  the  Vaal  river,  on  the  border  of  tbe- 
Oran^e  Free  State.  There  are  here  n  number  of  limited  areas  applOximtltl^K'  spbeiical  rr 
oval  in  form,  with  an  average  diameter  of  some  200  to  SOO  3ard8,  of  which  Kiml  erl(y,  De 
Beer's,  Du  Toit's  Pan  and  Bultfontein  are  tlie  most  important.  A  circle  84  miles  in 
diameter  encloses  the  four  principal  diamond  mines.  The  gi^neral  structure  is  siniilnr:  a 
wall  of  nearly  horizontal  black  carbonaceous  shale  with  upturned  edges  enclcsing  ibe 
diamantiferous  area.  The  upper  portion  of  the  deposit  consists  of  a  friable  mass  of  liitie 
coherence  of  a  pale  yellow  color,  called  the  "  yellow  ground."  Below  the  reach  of  aimrs- 
pberic  influences,  tbe  rock  is  more  firm  and  of  a  bluish  green  or  greenish  color;  it  is  (ailed 
the  **blue  ground"  or  simply  ** the  blue."  This  consists  essentially  of  a  serp«niitous 
breccia:  a  base  of  hydrated  magneslan  silicate  penetrated  by  calciie  and  opaline  silica  and 
enclosine  fragments  of  bronzite,  diallagc,  also  garnet,  magnetite,  and  ilmenite,  and  less 
commonly  smaragdite,  pyrite,  zircon,  etc.  The  diamonds  are  rather  abundantly  dissemi- 
nated through  the  mass,  in  some  claims  to  the  amount  of  4  to  6  carats  per  cubic  yard.  Tbe 
original  rock  seems  to  have  been  a  peculiar  type  of  peridotite.  These  areas  are  believed 
to  be  volcanic  pipes,  and  the  occurrence  of  the  diamonds  is  obviously  connected  with  tbe 
eruptive  outflow,  they  having  probably  been  brought  up  from  underlying  rocks.  Tbe 
South  African  mines  in  Griqualand  up  to  June  1896  are  estimated  to  have  yielded  60 
million  carats  (13  tons)  of  diamonds,  valued  at  about  870  million  dollars. 

Diamonds  are  also  obtained  in  Borneo,  associated  with  platinum,  etc. ;  in  Australia,  and 
the  Urals. 

In  the  U.  S.  a  few  crystals  have  been  met  with  in  No.  Carolina,  Georgia,  and  Virginia; 
several  have  been  found  in  Wisconsin,  also  in  California  at  several  points.  Reported  from 
Idaho  and  from  Oregon  with  platinum. 

Some  of  the  famous  diamonds  of  tbe  world  with  their  weights  are  as  follows:  tbe 
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Kohinoor,  which  weigh e J  when  hroueht  to  England  186  carats,  and  as  recut  as  a  hrilHant. 
106  carats;  the  Orlov,  198  carats;  the  Regent  or  Pitt,  187  carnis;  the  Florentine  or  Grand 
Diike  of  Tuscany,  188  ctirats;  tbe  Saucy,  58  carats.  The  "Star  of  the  South,"  found  in 
Brazil  in  1853,  weighed  before  aud  after  cutting  respectively  254  and  1:^5  carats  Also 
famous  because  of  the  rarity  of  their  color  are  the  green  diamond  of  Dresden,  40  carats,  and 
:be  deep  blue  Hope  diamond  from  India,  weighing  44  carats.  The  history  of  the  above 
stones  and  of  others  is  given  in  many  works  on  gems. 

South  Africa  has  yielded  some  very  large  stones.  Among  these  may  be  menlioned  the 
following:  The  Victoria  (or  the  Imperial)  from  one  of  the  Kimberley  mines  weighed  as 
found  4.>7  carats;  the  Stewart  weighed  before  and  after  cuttiug  288  and  120  carats  respect- 
ively; the  Tiffany  diamond,  of  a  hrilliant  golden  yellow,  weighs,  cut  us  a  double  brilliant. 
I'i5  carats.  The  Excelsior  from  Jagersfontein  weighed  when  found  971  camts  and  was  3 
inches  in  its  largest  dimension,  this  is  the  largest  ever  known  to  have  been  discovered. 

Cliptonite,— Carbon  in  minute  cubic  crystals.  H.  =  2-5.  G.  =  2  12.  Color  and 
streak  black;  from  the  Youndegiu,  West  Australia,  meteoric  iron,  found  in  1884. 


GR^PHIUBt    Plumbago.     Black  Lead. 

Rhombohedral.  In  six-sided  tabular  crystals.  Commonly  in  embedded 
foliated  masses^  also  columnar  or  radiated;  scaly  or  slaty;  granular  to  com- 
pact; earthy. 

Cleavage:  basal,  perfect.  Thin  laminsB  flexible,  inelastic.  Feel  greasy. 
11.  =  1-2.  G.  =  2-09-2-23.  Luster  metallic,  sometimes  dull,  earthy.  Color 
iron-black  to  dark  steel-gray.     Opaque.     A  conductor  of  electricity. 

Comp,— Carbon,  like  the  diamond;  often  impure  from  the  presence  of  iron 
sesquioxide,  clay,  etc. 

Fyr.,  etc.— At  a  high  temperature  some  gi-apbite  burns  more  easily  than  diamond, 
other  varieties  less  so.     B.B.  Infusible.    Unaltered  by  acids. 

Dift— Characterized  by  its  extreme  softness  (soapy  feel)-  iron-black  color;  metallic 
luMer;  low  specific  gravity;  also  by  infu.««ibllity.     Cf.  ujolybdenite,  p.  285. 

Obs.— Graphite  occurs  in  beds  and  embedded  masses,  laminoB,  or  scales  in  granite, 
gne'ss,  mica  schist,  crystalline  limestone.  It  is  in  some  places  a  result  of  the  alteration  by 
heal  of  coal.     Often  observed  in  meteoric  irons.     A  common  furnace  product. 

Occur**  at  Borrowd.de  in  Cumberland;  at  Arendal  in  Norway,  in  quartz;  in  the  Ural, 
Finland;  Passau  in  Bavaria.  In  Irkutsk,  in  the  Tunkinsk  Mts.,  in  eastern  Siberia,  the 
Aiiliert  graphite  mine  affords  some  of  the  best  graphite  of  the  world.  Large  quantities 
a>e  brought  from  the  East  Indies,  especially  from  Ceylon. 

Forms  beds  in  gneiss,  at  Stucbridpe,  Mjiss.;  at  Ticonderoga^  N.  Y.,  with  pyroxene  and 
ntanite:  and  at  Hillsdale.  Columbia  Co  ,  N.  Y. ;  Byers.  Chester  Co.,  Pa.;  Loudon  Co..  Va. ; 
Wnkft  Co  ,  N.  C.  A  graphitic  earth  is  mined  for  ])aint  in  Arkansas.  In  California,  in 
Alpine  Co.,  Ken  Co.,  etc.  In  Humboldt  Co.,  Nevada;  Beaver  Co.,  Utah;  Albany  Co., 
Wyoming.     A  large  deix)sil  occurs  at  St.  John,  New  Brunswick. 

The  name  black  lead,  applied  to  this  speci's.  is  inappropriate,  as  it  contains  no  lead. 
Tbe  name  graphite,  of  Werner,  is  derived  from  y/jct<p€iv,  to  u>ri(s,  alluding  to  its  use  for 
"  lead  "  pencils. 

ScHUNGTTE     Amorphous  carbon  observed  in  some  schists. 


SULPHUR. 

Orthorhombic. 
578. 


Axes  &:h:d  =  0'8131 
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Crystals  commonly  acute  pyramidal;  sometimes  thick   tabular   |  c,  als'> 
sphenoidal  in  habit  (Fig.  583).    See  also  Figs.  G6,  p.  30,  and  302,  p.  94.     A.^.. 
S83.  massive,  in  reniform  shapes,  in- 

~  ■     -      ■^'  crusting,  stalactitic   and  stiila;: 

niitic;  m  powder. 

Cleavage :  c,  m,  p  imperfe^  *, 
Fracture  conchoidal  to  uneven. 
Hather  brittle  to  imperfetil. 
sectile.  H.  =  l'5-2*5.  G.  = 
2-05  -  2*09.  Luster  resinou? 
Color  sulphur-yellow,  straw-  ami 
honey-yellow,  yellowish  brown. 
greenish,  reddish  to  yellowish  gray.  Streak  white.  Transparent  to  trans- 
lucent. A  non-conductor  of  electricity;  by  friction  negatively  electrified. 
Optically  +.  Double  refraction  strong.  Ax.  plane  J  J.  §x  _L  c.  Dispersion 
p  <v,    2H^r  =  103°  18'  Dx.     Refractive  indices,  see  p.  208. 

Comp.,  Van — Pure  sulphur;  often  contaminated  with  clay,  bitumen,  ami 
other  impurities. 

Sulphur  may  also  be  obtained  in  tlie  laboratory  iu  other  allotropic  forms;  a  moooc]iiji< 
form  is  common. 

Pyr.,  etc.— Melts  at  IDS'*  C,  and  at  270' burns  with  a  bluish  flume  yielding  sulphur 
dioxide.  Insoluble  in  water,  and  not  acted  on  by  the  acids,  but  soluble  iu  caiirM. 
disulphide. 

JhfL — Readily  distinguished  by  the  color,  fusibility  nnd  combustibility. 
Obg.—The  great  repositories  of  sulphur  are  either  beds  of  pypsu  ••  m.d  the  assocn'p 
rocks,  or  the  regions  of  active  and  extinct  volcanoes.  In  the  valley  of  Nolo  and  Mazzan  , 
in  Sicily;  at  Conil.  in  Spiin;  Bex,  Switzerland;  Cracow,  Poland,  it  occuis  in  the  foiu.ii 
situation;  near  Bologna.  Italy,  in  fine  crystals,  embedded  in  l)iiumeu.  Sicily  and  th- 
neighboring  volcanic  isles;  the  Solfatara,  near  Naples;  the  volcanoes  of  the  Pucitic  ovauu. 
etc.,  are  localities  of  the  latter  kind.  It  is  also  deposited  from  hot  spring  in  Icchind:  ai:l 
is  met  with  in  certain  metallic  veins,  thus  with  lead  ores  near  MUsen  and  at  Monte  Poi.i. 
Sardinia.  The  Sicilian  mines  at  Gir^^enti  yield  Inrge  quantities  for  commerce,  iccludu:.: 
beautifully  crystallized  specimens. 

Sulphur  is  found  near  the  sulphur  springs  of  New  York,  Virginia,  etc.,  sparingly;  in 
many  coal  deposits  and  elsewhere,  where  pyrites  is  under.L'oing  decomposition;  iu  minute 
crystals  on  cleavage  surfaces  of  galena,  Phenixville,  Pa.  Some  important  de|X>sits  nccur 
in  the  western  UTS.,  as  in  Wyoming,  in  the  Uintnh  Mts.,  80  miles  se.  of  Evansfon:  in 
Nevada,  Humboldt  county;  Steamboat  Springs.  Washoe  Co  ;  Columbus.  Esmeralda  C". 
In  southern  Utah  in  large  deposits,  at  Cove  Creek.  Millaixi  county.  In  Oalifomia.  ai  iliv 
geysers  of  Napa  valley,  Sonoma  Co.:  in  Santa  Barbara  in  gooi  crystals;  near  Clear  L.ikr, 
Xiake  Co.,  a  large  deposit.  In  the  Yellowstone  Park,  in  deposits  and  about  the  fumarole^. 
Selenaulphur.  Contains  sulphur  and  selenium,  orange-red  or  reddish  brown;  from 
the  Islands  Yulcano  and  Lipari. 

ABSBHiO. 

Khombohedral.  Generally  grannlar  missive;  sometimes  reticulated, 
reniform,  stalactitic. 

Cleavage:  c  highly  perfect.  Fracture  uneven  and  fine  granular.  Brittle. 
H.  =  3'5.  G.  =  5'63-5*73.  Luster  nearly  metallic.  Color  and  streak  tin- 
white,  tarnishing  to  dark  gray. 

Comp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  golJ, 
or  bismuth. 

Pyr.— B.B.  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  an>ei)ic 
trioxide,  and  affords  a  garlic  odor;  the  coating  treated  in  R.  F.  volatilizes,  tingeing  tl.e 
flame  blue. 

Obs.— Occurs  in  veins  in  crystalline  rocks  and  the  older  schists,  often  accompanied  by 
ores  of  antimony,  ruby  silver,  realgar,  sphalerite,  and  other  metallic  minerals.  Thus  in  tbe 
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ailYer  mines  of  Saxony;  ako  Andreasberg:  Joacbimstbal,  Bohemia ;  in  Hungary;  Norway, 
<•  c.  Abundant  at  Chafiar9illo,  Cbili.  ,  Id  the  U.  6.  spaiingly  at  HaYerhilf  and  Jackson, 
N.  H.;  near  Lead  Til  le,  Colorado;  Watson  Creek,  British  Columbia. 

Allemontite.  Arsenical  Antimony,  SbAss.  In  reniform  masses.  G.  =  6*208.  Luster 
metallic.     Color  tin-white  or  reddish  griiy.     From  AUemont;  PiHbrum,  Bohemia,  etc. 

Tellturinm.  In  prismatic  crystals  (Fiff.  H,  p.  10);  commonly  columnar  to  flne-granular 
massive.     G.  =  6*2.    Color  tin«white.    From  Transylvania  and  Colorado. 

AHXIMONYr- 

Rhombohedral.  Generally  massiye,  lamellar  and  distinctly  cleavable;  also 
radiated;  granular. 

Cleavage:  c  highly  perfect;  also  other  cleavages.  Fracture  uneven; 
brittle.  H.  =  3-3-5.  G.  =  6-65-6-72.  Luster  metallic.  Color  and  streak 
tin-white. 

Comp. — Antimony,  containing  sometimes  silver,  iron,  or  arsenic. 

Pyr.— B.B.  on  charcoal  fuses,  gives  a  white  coating  in  both  O.  F.  and  R.  F.;  if  the 
blowing  be  intermitted,  the  globule  continues  to  glow,  giving  off  white  fumes,  until  it  is 
finally  crusted  over  with  prismatic  crystals  of  antimony  trioxide.  The  white  coating 
tinges  the  H.  F.  bluish  jzreen.     Crystallizes  readilv  from  fusion. 

Obfl.— Occurs  near  bala  in  Sweden;  Andreasberg  in  the  Harz;  Allemont,  Dauphiu^; 
Pfibmm,  Bohemia;  Mexico;  Chili;  Borneo.  In  the  U.  8.,  at  Warren,  N.  J.,  rare;  in  Kern 
Co.,  Cal.  At  Prince  William  parish,  York  Co.,  N.  Brunswick. 

BISfiinXHt 

Rhombohedral.     Usually  reticulated,  arhorescent;  foliated  or  granular. 

Cleavage:  c  perfect.  Sectile.  Brittle,  but  when  heated  somewhat  malle- 
able. H.  =  2-2*5.  G.  =  9-70-9-83.  Luster  metallic.  Streak  and  color 
silver- white,  with  a  reddish  hue;  subject  to  tarnish.     Opaque. 

Comp^  Tar.-^Bi8rauth,  with  traces  of  arsenic,  sulphur,  tellurium,  etc. 

Pyr.,  etc.— B.B.  on  charcoal  fuses  and  entirely  volatilizes,  pvine  a  coating  oranpe- 
yclldw  while  hot,  lemon-yellow  on  cooling.  Fuses  at  265**  C.  Dissolves  in  nitric  acid; 
subsequent  dilution  causes  a  white  precipitate.     Crystallizes  readily  from  fusion. 

Obs. — Occurs  in  veins  in  gneiss  and  other  crystalline  rocks  and  clay  slate,  accompanying 
various  ores  of  silver,  cobalt,  lead  and  zinc.  Thus  at  the  mines  of  Saxony  and  Bohemia, 
tie;  Mcymiic,  Corr^ze,  Prance.  Also  at  Modum,  Norway;  at  Falun,  Sweden.  In  Corn- 
wall and  Devonshire;  near  Copiapo,  Chili:  Bolivia. 

Occurs  at  Monroe,  Conn. ;  Brewer's  mine,  Chesterfield  district,  8.  Car. ;  near  Cummins 
<'it\ ,  and  elsewhere  in  Colorado. 

Zina  Probably  does  not  occur  in  the  native  state.  In  the  laboratory  it  is  obtained  in 
h'^xa^onal  prisms  with  tapering  pyramids;  also  in  complex  crystalline  aggregates.  It  also 
tippcars  to  crystallize  in  the  isometric  system,  at  least  in  various  alloys. 


Gold  Group. 

Isometric.  Distinct  crystals  rare,  o  most  common,  also  d  (110),  m  (331), 
and  X  (18*10"1);  crystals  often  elongated  in  direction  of  an  octahedral  axis, 
(giving  rise  to  rhombohedral  forms  (Figs.  452,  453,  p.  135),  and  arborescent 
siiai)es;  also  in  plates  flattened  ||  o,  and  branching  at  60**  parallel  either  to  the 
^Mlges  or  diagonals  of  an  o  face  (see  pp.  131,  133).  Twins:  tw.  plane  o. 
Skeleton  crystals  common;  edges  salient  or  rounded;  in  filiform,  reticulated, 
tlendritic  shapes.  Also  massive  and  in  thin  laminae;  often  in  flattened  grains 
(»r  scales. 

Cleavage  none.  Fracture  hackly.  Very  malleable  and  ductile.  H.  =  2-5-3. 
G.  =  15*6-19'3,  19*33  when  pure.  Luster  metallic.  Color  and  streak  gold- 
yellow,  sometimes  inclining  to  silver-white  and  rarely  to  orange-red.    Opaque. 
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Gomp.,  Tar. — Gold,  bat  usually  alloyed  with  silver  in  varyiDg  amounts  and 
sometimes  containing  also  traces  of  copper  or  iron. 


684 


586. 


686. 


m  =  (811) 


9  =  (18-10-1) 


Var.— 1.  Ordinary,  OontaiDing  up  to  16  p.  c.  of  silver.  Color  varying  accordinir.y 
from  deep  gold-yellow  to  pale  yellow,  aud  specific  gravity  from  19*8  to  15  5.  The  ratio  .if 
gold  lo  silver  of  8 : 1  corresponds  to  15'1  p.  c.  silver.  For  G.  =  17*6,  Ag  =  9  p.  c  ; 
G.  =  16-9,  Ag  =  18-2:  G.  =  14-6.  Ag  =  3S-4,  Rose.  The  purest  p^old  which  has  beei 
described  is  that  from  Mount  Morgan,  in  Queensland,  which  has  yielded  99-7  to  99  8  of 
gold,  the  remainder  being  copper  with  a  liitle  iron :  silver  is  present  only  as  a  minute  \n\v^ 

2.  ArgenUferou9 :  BUetrum.  Color  pale  yellow  to  yellowish  white;  G  =  15o-12  ') 
Rjitio  for  the  gold  and  silver  of  1:1  corresponds  to  86  p.  c.  of  silver;  1^ :  1,  to  26  p  c; 
2: 1.  to  21  p.  c;  2^:  1,  to  18  p.  c.  The  word  in  Greek  me:ins  also  amber;  aud  its  use  f*  r 
this  alloy  probably  arose  from  the  pale  yellow  color  it  has  as  compared  with  gold. 

Varieties  have  also  been  described  containing  palladium  to  10  p.  c.  (parpesUe),  from 
Porpez,  Brazil ;  bismuth,  including  the  black  gold  of  Australia  (tnaldonite,  ulrich) :  n\^> 
rhodium(?). 

Pyr.,  etc.— B.B.  fuses  easily  (at  1100*  C).  Not  acted  on  by  fluxes.  Insoluble  iu  nrn 
single  acid;  soluble  in  nitro- hydrochloric  acid  (aqua  regia),  the  separation  not  complete  if 
more  than  20  p.  c.  Ag  is  present. 

Dift— Readily  recognized  {e  g.,  from  other  metallic  minerals,  also  from  scales  of  yellow 
mica)  by  its  malleability  and  high  specific  gravity,  which  last  makes  it  possible  to  sepamte 
it  from  the  ^ngue  by  washing;  distinguished  from  chalcopyrite  and  pyrite  by  insolubility 
in  nitric  acid,  both  of  which  are  brittle. 

Observations.— Native  gold  is  found,  when  in  $itu,  wlih  comparatively  small  except  ion<« 
in  the  quartz  veins  that  intersect  metamorphic  rocks,  and  to  some  extent  in  the  wall  rock  of 
these  veins.  The  metamorphic  rocks  thus  intersected  are  mostly  chloritic  talcost*  mh  ! 
argillaceous  schist  of  dull  green,  dark  gray,  and  other  colors:  also,  much  less  comm'onlv. 
mica  and  hornblendlc  schist,  gneiss,  dioriie,  porphyry:  and  still  more  rarelv.  granitp  A 
laminated  qiianzite,  called  iUicolumite,  is  common  in  many  eold  regions,  as  those  of  Bra?!] 
and  North  Carolina,  and  sometimes  specular  schists,  or  slaty  rocks  containing  much  folinteil 
specular  iron  (hematite)  or  magnetite  in  grains.  A  qunrtzose  conelomerate  is  sometimes 
richly  auriferous  as  in  Transvaal.     Less  frequently  calcite  is  the  vpin  material 

The  gold  occurs  in  the  quartz,  irregularly  distributed,  in  string,  scales  plates,  nnd  'n 
masses  which  are  sometimes  an  agglomeration  of  crystals;  and  the  scales  are  often  invisible 
to  the  naked  eye.     '^  *  >  ^      •        i  .         ..- 

others,  and  is  gen 

frequently  auriferous  _  ^ ^ 

arsenic,  stibuite,  cinnabar,  magnetite,  hematite:  sometimes  barite,  scheelite,  a|»tite."fluoriV«' 
siderite,  chrysocolla.  The  quartz  at  the  surface,  or  in  the  upper  part  of  a  vein,  is  m-mm:  v 
cellular  and  rusted  from  the  more  or  less  complete  disappearance  of  the  pyrite  and  oi  her 
sulphides  by  decomposition;  but  below,  it  is  commonly  solid. 

The  gold  of  the  worid  was  eariy  gathered,  not  directly  from  the  quartz  veins  Ohe 
*'  quartz  reefs"  of  Australia  and  Africa),  but  from  the  gravel  or  sands  of  rivers  or  valle\-s 
in  auriferous  regions,  or  the  slopes  of  mountains  or  hills,  whose  rocks  contain  in  some  pnrt, 
and  generally  not  far  distant,  auriferous  veins;  in  California  thi<<  method  of  hydmnlic 
mining  {placer  digging$)  has  been  carried  on  on  a  stupendous  scale.    Most  of  the  gold  of 


NATIVE  ELEMENTS.  277 

the  Umls,  Brazil,  Australia,  and  all  other  gold  re^ons  has  come  from  such  allu'vial  wasbiugs.  i 

At  the  present  time,  however,  the  alluvial  washings  are  much  less  depended  upon,  in  many 
regions  nil  the  gold  being  obtained  direct  from  the  rock. 

The  alluvial  gold  is  usually  in  flattened  scales  of  different  degrees  of  fineness,  the  size 
depending  partlv  on  the  original  condition  in  the  quartz  veins,  and  partly  on  the  distance 
to  which  it  has  been  transported  and  assorted  by  running  water.  The  rolled  masses  when 
of  some  size  are  called  nuggeU;  in  rare  cases  these  occur  very  large  and  of  great  value. 
Tbe  Austnilian  gold  region  has  yielded  many  large  nuggets;  one  of  these  found  in  1858 
weighed  184  pounds,  and  another  (1809)  weighed  100  pounds.  In  the  auriferous  sands,, 
crystals  of  zircon  are  very  common;  also  garnet  and  cyanite  in  grains;  often  also  monaziie, 
(iiamoud.  topaz,  corundum,  iridosmine,  platinum.  The  zircons  are  sometimes  misiaiiea 
for  diamonds. 

Besides  the  free  gold  of  the  quartz  veins  and  gravels,  much  gold  is  also  obtained  from 
auriferous  sulphides  or  the  oxides  produced  by  their  alteration,  especiallj'  pyrite,  also 
arsenopyrite.  chalcopyrite,  sphalerite,  marcasite,  etc.  The  only  minerals  coutainiLg  gold  in 
combination  are  the  rare  tellurides  (sylvauite.  etc.). 

Gold  exists  more  or  less  abundantly  over  all  the  continents  in  most  of  the  regions  of 
crystalline  rocks,  especially  those  of  the  semi- crystalline  schists;  and  also  in  some  of  the 
hivse  islands  of  the  world  where  such  rocks  exist.  In  Europe,  it  occurs  with  silver  ores  in 
Hungary;  in  Transylvania  at  Verespatak  and  Nagyag;  in  the  sands  of  the  Rhine,  the 
Danube,  and  other  rivers;  on  the  southern  slope  of  the  Pennine  Alps:  in  Piedmont;  in  many 
of  the  streams  of  Cornwall;  in  North  Wales;  in  Scotland,  near  Leadhills;  in  the  county  of 
Wicklow,  Ireland;  in  Sweden,  at  Edelfora;  in  Norway,  at  Kongsberg. 

In  Asia,  gold  occui-s  along  the  eastern  flanks  of  the  Urals  fur  500  miles,  and  is  especinlly 
abundant  al  the  Berezov  mines  near  Ekaterinburg;  also  at  Petropavlovski:  Nizhni  Tagilsk; 
Miask,  near  Zlatoust  and  Mt.  Ilmen.  etc.  Ekatennburg  is  the  capital  of  tbe  mining  district. 
Sib-rian  mines  less  extensive  occur  in  the  lesser  Altai;  at  Nerchinsk,  east  of  L.  Baikal,. 
including  the  Kam  mines.  Asiatic  mines  occur  also  in  Little  Thibet,  Ceylon,  and  Malacca, 
China  especially  in  the  Amur  district,  Corea.  Japan,  Formosa,  Sumatra.  Java,  Borneo,  the 
Philippines,  and  other  East  India  Islands;  at  numerous  points  in  British  India. 

In  Africa,  gold  occurs  at  Kordofan,  between  Darfur  and  Abyssinia;  also,  south  of  the 
Sahara  in  western  Africa,  from  the  Senegal  to  Cape  Palmas.  Also  in  Transvaal  in  southern 
Africa,  at  Lydeuburg,  both  quartz  veins  and  alluvial  washings,  and  at  Eersteliug;  recently 
the  Kiuip  gold  fields  in  southeastern  Transvaal  have  become  very  productive:  the  chief 
town  of  the  region  is  Barberton.  The  quartz  reefs  of  Witwatererand  in  the  immediate 
vicinity  of  Johannesburg,  farther  WQ^t,  are  also  very  productive;  here  the  gold  occurs 
largely  in  a  quart zose  conglomerate. 

In  South  America,  gold  is  found  in  Brazil;  in  the  U.  S.  of  Colombia;  Chill;  Bolivia; 
*p:iringly  in  Peru.  Also  in  Central  America,  especially  in  Honduras;  also  San  Salvador, 
Guatemala,  Costa  Rica. 

In  Australia,  the  principal  gold  mines  occur  along  the  streams  in  the  mountains  of  New 
South  Wales  and  along  the  continuation  of  the  same  ranee  in  Victoria.  Also  obtained 
lfirfi:ely  in  Queensland.  N.  Australia,  particularly  at  Mt.  Morgan,  Rockhampton  district 
Also  occurs  in  Tasmania,  New  Zmland,  and  New  Caledonia. 

In  North  America,  there  are  numl)erles8  mines  along  the  mountains  of  western 
America,  and  others  along  the  eastern  range  of  the  Appalachians  from  Alabama  and  Georgia 
to  r>abrador,  besides  some  in  portions  of  the  intermediate  Arcliean  region  about  Lake 
S'iT>erior.  Th**y  occur  at  many  points  nloni?  the  higher  regions  of  the  Rocky  Mountains, 
in  Mexico;  in  New  Mexico,  near  Santa  Fe,  Ccrillos,  Avo,  etc.;  in  Arizona,  in  the  San  Fran- 
cisco. Wa  ibi,  Yuma,  and  other  districts;  in  Colomdo,  abundant,  the  gold  largely  in  nurif- 
prons  pyrites,  also  in  connection  with  tellurium  minerals;  the  Cripple  Creek  reeion  in 
Onlnrado  affords  at  present  larcre  qunntlties  of  cold:  also  in  Montana:  the  Black  Hills  of 
Dakota:  Idaho  esneciallv  the  Cceur  d'Alfine  district,  also  Utah.  Along  ranges  between  the 
summit  and  the  Sierra  Nevada,  in  the  Humboldt  region  and  elsewhere.  Also  in  the  Sierra 
Nevada,  mostly  on  itJ  Western  slope  fthe  mines  of  the  enstern  being  nrincipallv  silver 
mines).  The  auriferous  belt  may  be  said  to  beirin  in  the  Californian  peninsula.  Near  the 
Tejon  pass  it  enters  California,  and  beyond  for  180  miles  it  is  sparingly  auriferous,  the  slate 
rwks  being  of  small  breadth;  but  beyond  this,  northward,  the  slates  increase  in  extent,  and 
Mie  mines  in  number  and  productiveness,  and  thev  continue  thus  for  200  miles  or  more. 
Gold  occurs  also  in  the  Coast  ranges  in  many  localities,  but  mostly  in  too  small  quantities 
to  be  profitably  worked.  The  recrions  to  the  north  in  Oregon  and  in  Washington  and 
Alaska,  with  British  Columbia,  are  at  many  points  auriferous,  and  productively  so.  thoueh 
to  a  less  extent  than  California.  The  Cariboo  reffion  on  the  Fraser  river,  and  the  C.MSsiar 
district  on  the  Stickeen,  have  yielded  considerable  amounU.   The  Alaska  quartz  mines  have. 
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btien  worked  to  some  advantage,  as  a]so  the  gravels  of  the  Yukon  river  and  its  tributaries; 
of  the  latter,  the  Klondike  is  now  (1898)  reputed  to  be  fabulously  ridi. 

In  eastern  Noi  ih  America,  tlie  chief  mines  are  mostly  confined  to  the  States  of  Virgiuia. 
Korth  and  South  Carolina,  and  Georgia,  or  along  a  line  from  the  liappahannock  to  tbc 
Coosa  in  Alabama.  lu  Canada,  gold  occurs  to  the  south  of  the  St.  Lawrence,  in  the  soil  on 
the  Cbaudi^re  and  elsewhere;  in  Nova  Scotia,  at  Deloro,  near  Hastings,  Ontario  (in  arseno- 
pyriie);  also  iu  the  Port  Arthur  region,  north  of  Lake  Superior,  and  m  the  river-gravels  of 
tiie  Pacific  slope,  as  before  noted. 

The  world's  production  of  gold  was  in  1897  about  $250,000,000,  having  cousiderablv 
more  than  doubled  since  1890.  Of  this  amount  the  United  Slates  afforded  about  $61,500.'- 
000.  Africa  about  $58,000,000,  Australia  nearly  $56,000,000.  Russia  about  $28,700,000,  and 
ui her  countries  (China,  Canada,  India,  So.  America,  etc.)  the  remainder.  It  is  also  interestinsr 
to  note  that  in  1897  the  production  was  nearly  the  same  for  the  States  of  California  aikI 
Colorado,  the  former  $17,000,000,  the  latter  a  little  in  excess  of  this  amount.  In  1890 
Colorado  produced  only  a  little  more  than  $4,000,000. 

8ILVBR. 

Isometric.  Crystals  commonly  distorted,  in  acicular  forms,  reticulated  or 
arborescent  shapes;  coarse  to  fine  filiform;  also  massive,  in  plates  or  flattened 
scales. 

Cleavage  none.  Ductile  and  malleable.  Fracture  hackly.  H.  :=  2*5-3. 
G.  =  lO'l-lll,  pure  10*5.  Luster  metallic.  Color  and  streak  silver-white, 
often  gray  to  black  by  tarnish. 

Comp.,  Tar.— Silver,  with  some  gold  (up  to  10  p.  c),  copper,  and  sometimes 
platinum,  antimony,  bismuth,  mercury. 

P3rr..  etc. — B.B.  on  charcoal  fuses  easily  to  a  silver-white  globule,  which  in  O.F.  gives 
a  faint  aarl^-red  coating  of  silver  oxide  ;  crystallizes  on  cooling  ;  fusibilitv  about  1050°  C. 
Soluble  in  nitric  acid,  and  deposited  again  by  a  plate  of  copper.  Precipitated  from  its 
solutions  by  hydrochloric  acid  in  white  curdy  forms  of  silver  chloride. 

Diff. — Distinguished  hy  its  malleability,  color  (on  the  fresh  surface),  and  specific  gravity. 
Obs. — Native  silver  occurs  in  masses,  or  in  arborescent  and  filiform  shapes,  in  veins  trav- 
ersing gneiss,  schist,  porphyrj-,  and  other  rocks.    Also  occurs  disseminated,  but  usually 
invisibly,  in  native  copper,  galena,  cbalcocite,  etc.;  rarely  in  volcanic  ashes  (Mallet). 

The  mines  of  Kongsberg,  in  Norway,  hnve  afforded  macnificent  specimen;::  also  tie 
Stixon  mines;  occui-s  in  Bohemia  at  Pribram  and  Joachimsthul;  at  Andreasberg;  Hungary: 
Allemout,  Dauphin6;  in  the  IJrnl  near  Berezov;  in  the  Altai,  at  Zmeov;  and  in  some  of  tbe 
Ooinish  mines.  In  Durango,  Sinaloa,  and  Souora,  in  Mexico,  are  noted  mines  affording 
native  silver;  abundant  in  Peru. 

In  the  United  States  disseminated  through  much  of  the  copper  of  Michigan :  nt  Silver  Islet 

and  at  Port  Arthur,  Lake  Superior.    Occurs  in  Idaho,  at  the  "Poor  Man's  lode ":  in  Nevuda. 

537  rare;  in  California,  sparingly;  in  Silvtr  Mountain  district.  Alpine 

'  Co.;  in  the  Maris  vein,  in  Los  Angeles  Co.     In  Cclomdo,  at  many 

localities,  especially  with   argentiferous  ores;   in   Montana,  near 

Butte,  Silver  Bow  Co.,  with  manganese  ores.    In  Arizona,  at  the 

Silver  King  mine,  and  with  argentiferous  ores  elsewhere. 

COPPER. 

Isopietric.     The  tetrahexahedron    the  most  common 
form  (Fi^.  587);  also  in  octahedral  plates.    Crystals  often 
irregtilarly  distorted  and  passing  into  twisted  and  wire- 
like forms;  filiform  and  arborescent!     Massive;  as  sand. 
h  —  (410)  Twins :  tw.  pi.  o,  very  common,  often  flattened  or  elongated 

to  spear-shaped  forms.     Cf.  pp.  131,  132. 

Cleavap^e  none.  Fracture  hackly.  Highly  ductile  and  malleable.  H.=  2-5-3. 
6.  =  8  8-8*9.  Luster  metallic.  Color  copper-red.  Streak  metallic  shining. 
Opaque.     An  excellent  conductor  for  heat  and  electricity. 

Comp. — Pure  copper;  often  containing  some  silver,  bismuth,  mercury,  etc. 
Pyr.,  etc.— B.B.  fuses  readily;  on  cooling  becomes  covered  with  a  coating  of  black 
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oxide.  Dissolyes  readily  in  nitric  acid,  eiving  off  red  nitrous  fumes,  and  produces  a  deep 
azure-blue  solution  with  ammonia.     Fusibility  TSO**  C. 

Obs,— Copper  occurs  in  beds  and  veins  accompanying  its  yarious  ores,  especially  cuprite, 
malachite,  and  azurite;  also  with  the  sulphides,  chalcopyrite,  chalcocite.  etc.;  often 
abundant  in  the  vicinity  of  dikes  of  igneous  rocks;  also  in  clay  slate  and  sandstone. 

Occurs  at  Turiusk,  in  the  Ural,  in  fine  crystals;  at  Nizhni  Tagilsk  and  elsewhere; 
Siberia.  In  Germany,  at  the  Fried richssegen  mine,  Nassau.  Common  in  Coruwnll. 
Brazil,  Chili,  Bolivia,  and  Peru  afford  native  copper.  In  South  Australia  abundant  at 
Wallaroo;  in  New  South  Wales. 

Occurs  native  throughout  the  red  sandstone  region  of  the  eastern  United  States,  spar- 
in  i^iy  in  Massachusetts,  Connecticut,  and  more  abundantly  in  New  Jersey.  Near  New 
Haven,  Conn.,  a  mass  was  found  in  the  drift  weighing  nearly  200  pounds;  smaller  isolated 
rnti^ses  have  also  been  found.  The  Lake  Superior  copper  region,  near  Keweenaw  Point, 
in  northern  Michigan,  is  the  most  important  locality  in  the  world.  The  copper  is  obtained 
pnictically  all  in  the  native  state,  sometimes  in  immense  masses,  and  is  obtained  over  an 
area  300  miles  in  length.  It  occurs  in  both  amygdaloidal  dolerite  and  sandstone,  near  the 
junction  of  these  two  rocks;  associated  with  calcite,  prehuite,  datolite,  analcite,  etc.;  also 
<listributed  widely  in  grains  through  tbe  sandstone.  Occurs  sparingly  in  California.  In 
Arizona,  common  at  the  Copper  Queen  mine,  Cochise  Co.;  also  in  Grant  Co.,  N.  Mexico, 
at  tbe  Santa  Rita  and  other  mines. 

MTlBOriRY     Quicksilver.    Gediegen  Quecksilber  Qerm. 

In  small  fluid  globules  scattered  through  its  gangne.  G.  =  13596.  Lus- 
ter metallic,  brilliant.     Color  tin-white.     Opaque. 

Comp. — Pure  mercury  (Hg);  with  sometimes  a  little  silver. 

Pyr.,  etc.— B.B.  entirely  volatile,  vaporizing  at  850"  C.  Becomes  solid  at  —40"  C, 
crystallizing  in  regular  octahedrons  with  cubic  cleavage;  Q.  ==  14*4.   Dissolves  in  nitric  acid. 

Obfl.— Mercury  In  the  metallic  state  is  a  rare  mineral,  and  is  usually  associated  with  the 
sulphide  cinnabar,  from  which  the  supply  of  commerce  is  obtained.  The  rocks  affording 
the  metal  and  its  ores  are  chiefly  clay  shales  or  schists  of  different  geological  ages.  Also 
found  in  connection  with  hot  springs.    See  cinnabar. 


Isometric.  Crystals  rare.  Usually  in  thin  plates  and  small  globular 
masses.  Very  malleable,  and  somewhat  ductile.  H.  =  1*5.  G.  =  11"37, 
Harstig  mine.     Luster  metallic.     Color  lead-gray.     Opaque. 

Comp. — Nearly  pure  lead;  sometimes  contains  a  little  silver,  also  antimony. 

P3rr. — B.B.  fuses  easily,  coating  ihe  charcoal  with  a  yellow  oxide  which,  treated  in 
R.F.,  volatilizes,  giving  an  azure-blue  tinge  to  the  flame.  Fusibility  880"  C.  Dissolves 
easily  in  dilute  nitric  acid. 

Obs. — Of  rare  occurrence.  Found  at  Pajsberg,  Harstig,  and  Lfingban  in  Sweden; 
similarly  at  Nordmark;  also  in  the  gold  washings  of  Uie  Ural;  reported  elsewhere,  but 
localities  often  doubtful.  In  the  U.  S.,  occurs  at  Breckinridge  and  Gunnison,  Colorado; 
Wood  Kiver  district,  Idaho. 

AMALGAM. 

Isometric.  Common. habit  d ©decahedral.  Crystals  often  highly  modified 
(Fig.  100,  p.  39).    Also  massive  in  plates,  coatings,  and  embedded  grains. 

Cleavage:  d  in  traces.  Fracture  conchoidal,  uneven.  Sather  brittle  to 
mallejible.  H.  =  3-3-5.  G.  =  13-75-14-1.  Luster  metallic,  brilliant.  Color 
a!Hl  streak  silver-white.     Opaque. 

Comp. — {Ag,H^)>  silver  and  mercury,  varying  from  Ag,Hg,  to  Ag„Hg. 

Vzx,— Ordinary  amalgam,  AgaHgs  (silver  264  p.  c.)  or  AgHg  (silver  850);  also 
A^'sHgt.  etc.  Arquerite.  Agi«Hg  (silver  86*6);  G.  =  lOS;  malleable  and  soft.  Kong9- 
hergiu,  AgssHg  or  Ag»«Hg. 

Pyr.,  etc. — B.B.  on  charcoal  the  mercury  volatilizes  and  a  globule  of  silver  is  left.  In 
the  closed  tube  the  mercury  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute 
globules.     Dissolves  in  nitric  acid.     Rubbed  on  copper  it  gives  a  silvery  luster. 

Ob«.<-From  the  Palatinate  at  Moschellandsberg;  at  Fried  richssegen,  Nassau;    from 
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Bala.  Sweden;  Eongsberg,  Norway;  AUemont,  Dauphiue;  Almaden,  Spain;  Chili;  Vitalle 
Creek,  Br.  Columbia  {arquerite). 

Tin.  Native  tin  has  beeu  reported  from  several  localities.  The  only  occurrence  faiilj 
above  doubt  is  that  from  the  washings  ut  the  headwaters  of  the  Clarence  river,  near 
Oban,  New  South  Wales.  It  baa  beeu  found  bere  iu  grayish-white  rounded  grains,  with 
platinum,  iridosmiue,  gold,  caasiteriie,  and  corundum. 


Platinum-Iron  Group. 
£[iAT|NlcrBS. 

Isometric.     Crystals  rare;  usually  in  grains  and  scales. 

Cleavage  none.  Fracture  hackly.  Malleable  and  .ductile.  H.  =  4-4'5. 
G.  =  14-19  native;  21-22  chem.  pure.  Luster  metallic.  Color  and  strejdc 
wbitish  steel-gray;  shining.     Sometimes  magnetipolar. 

Comp. — Platinum  alloyed  with  iron,  iridium,  osmium,  and  other  metals. 

Most  platinum  yields  from  8  to  15  or  even  18  per  cent  of  iron,  0*5  to  2  p.  c.  palladium, 
1  to  8  p.  c.  rhodium  and  iridium,  a  trace  of  osmium  and  finally  0'5  to  2  p.  c.  or  more  of 
copper. 

var.— 1.  Ordinary.  Nan-magneiic  or  only  slightly  magnetic.  G.  =  16*6-18*0  mostly. 
2.  Magnetic,  G.  about  14.  Much  platinum  is  magnetic,  and  occasionally  it  has  polAritj. 
The  magnetic  property  seems  to  be  connected  with  high  percentage  of  iron  (iron-platinum. 
Eisenplatin  OermX  although  this  distinction  does  not  hold  without  exception. 

Pyr.,  etc.— B.B.  infusible.  Not  affected  by  borax  or  salt  of  phosphorus,  except  in  the 
state  of  fine  dust,  when  reactions  for  iron  and  copper  may  be  obtained.  Soluble  only  in 
heated  nitro-hydrochloric  acid. 

DiffL — Distinguished  by  its  color,  malleability,  high  specific  gravity,  infusibility  aod 
insolubility  in  ordinary  acids. 

Obs. — Flatinum  was  first  found  iu  pebbles  ^md  small  grains,  associated  with  iridium, 
ffold,  chromite,  etc.,  in  the  alluvial  deposits  of  the  river  Pmto,  in  the  district  of  Choio, 
Colombia,  S.  America,  where  it  received  its  name  plaiina  (plalina  del  Pinto)  fruni  pbttn, 
silver.  In  Russia  (discovered  iu  1822)  occurs  iu  alluvial  material  in  the  Ural  at  Nizlmi 
Tagilsk,  and  with  chromite  in  a  serpentine  probably  derived  from  a  peridotite;  also  in  the 
Goroblagodatsk  district.  Also  found  on  Borneo;  in  New  Zealand,  from  a  region  cbai^ic- 
terized  by  a  chrysolite  rock  with  serpentine;  in  New  South  Wales,  in  the  Broken  Hill 
district,  and  in  gold  washings  at  various  points. 

In  California,  in  the  Klamath  region,  at  Cape  Blanco,  etc..  not  abundant;  in  the  gold 
washings  of  Cherokee,  Butte  Co.;  at  St.  Francois,  Beauce  Co.,  Quebec;  at  several  poims 
in  British  Columbia. 

Iridium.  Platin-iridium.  Iridium  with  platinum  and  other  allied  metals.  Occus 
usually  in  angular  grains  of  a  silver-white  color.  H.  =  6-7.  *  G.  =  22*6-22-8.  With  tiie 
platinum  of  the  Unus  and  Brazil. 

nUDOSMINS.    Osmiridium. 

Rhombohedral.     Usually  in  irregular  flattened  grains. 

Cleavage:  c  perfect.  Slightly  malleable  to  nearly  brittle.  H.  =  6-7. 
G.  =  19-3-21*12.  Luster  metallic.  Color  tin-white  to  light  steel-gray. 
Opaque. 

Comp.,  Tar, — Iridium  and  osmium  in  different  proportions.  Some  rhodium, 
platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.— 1.  Nevj/anskiie,  H.  =7;  G.  =  18'8-19-5.  In  flat  scales;  color  tin-white.  Over 
40  p.  c.  of  iridium.  2.  SUerskiU.  In  flat  scales,  often  six-sided,  color  grayish  wbite,  steel- 
gray.  Q.  =  20-21  '2.  Not  over  80  p.  c.  of  iridium.  Less  common  than  the  light-colored 
variety 

Diff.— Distinguished  from  platinum  by  greater  hardness  and  by  its  lighter  color. 

Obs.— Occurs  with  platinum  in  South  America;  in  the  Ural  mountains:  in  auriferous 
drift  in  New  South  Wales.  Rather  abundant  in  the  auriferous  beacl^sands  of  northero 
California. 


NATIVE   ELEMENTS. 


28r 


Palladium. — Palladium,  alloyed  with  a  little  platinum  and  iridium.  Mostly  in  grains. 
H.  =  4-5-6.  G.  =  11-8-11*8.  Color  whitish  steel-gray.  Occurs  with  platinum  in  Brazil; 
also  from  the  Urals. 


AUopaUadium.    Palladium  under  the  rhombohedral  system  (?). 
Harz,  in  small  hexagonal  tables  with  gold. 


From  Tilkerode  in  the 


688. 


IRO£L 

Isometric.    Usually  massive,  rarely  in  crystals. 

Cleavage:  a  perfect;  also  a  lamellar  structure  |  o  and  ||  d.  Fracture 
hackly.  Malleable.  H.  =  4-5,  G.  =  7"3-7-8.  Luster  metallic.  Color  steel- 
gray  to  iron-black.     Strongly  magnetic. 

Var. — 1.  Terrestrial  Iron.  Found  in  masses,  occasionally  of  great  size,  as  well  as  iu 
small  embedded  particles,  in  basalt  at  Blaafjeld,  Ovifak  (or  Uifak),  Disko  Island,  West 
Greenlnnd;  also  elsewhere  on  the  same  coast.  This  iron  contains  1  to  2  p.  c.  of  Ni.  Some 
other  occurrences,  usually  classed  as  meteoric,  may  be  in  fact  terrestrial;  e.g.,  the  Santa 
Cathririna  iron  of  Brazil  discovered  in  1875. 

A  nickeliferous  metallic  iron  (FeNis)  called  awaruUe  occurs  in  the  drift  of  the  Gorge 
rivttr.  which  empties  into  Awarua  Bay  on  the  west  coast  of  the  south  islanci  of  New 
Zealand;  associated  with  gold,  platinum,  cassiterite,  chromite;  probably  derived  from  a 
partially  serpentinized  peridotite.  Jasephinite  is  a  nickel-iron  (FesNu)  from  Oregon, 
occurring  in  stream  gravel.  Native  iron  also  occurs  sparingly  in  some  basalts;  reported 
from  gold  or  platinum  washings  at  various  points. 

2.  Meteono  Iron.  Native  iron  also  occurs  in  most  meteorites,  forming  in  some  cases 
(a)  the  entire  mass  (iron  meteorites);  also  (b)  as  a  spongy,  cellular  matrix  in  which  are 
e  iibedded  grains  of  chrysolite  or  other  siMcAiesieidei'olites);  {e)  in  grains  or  scales  disseminated 
more  or  less  freely  throughout  a  stony  matrix  (meteario 
stones).  Rarely  a  meteorite  consists  of  a  single  crystal- 
line individual  (Braunau)  with  numerous  twinning 
latnellie  ||  o.  Cubic  cleavage  sometimes  observed ;  also 
an  octahedral,  less  often  dodecahedral  lamellar  struc- 
ture. Etching  with  dilute  nitric  acid  (or  iodine) 
commonly  develops  a  crystalline  structure  (called 
Widmanetdtten  figures)  (Fig.  588);  usually  consisting 
of  lines  or  bands  crossing  at  various  angles  according 
to  the  direction  of  the  section,  at  60*  if  |  (?,  90"*  |  a,  etc* 
They  are  formed  by  the  edges  of  crystalline  plates, 
usually  I  0,  of  the  nickeliferous  iron  of  different  com- 
position {kamacite,  tanite,  plessite),  as  shown  by  the 
fact  that  they  are  differently  attacked  hj  the  acid. 
Irons  with  cubic  structure  and  with  twinning  lamellae 
(«.^.,  Braunau)  have  a  series  of  fine  lines  correspond- 
ing to  those  developed  by  etching  {Neumann  lines). 
A  damascene  luster  is  also  produced  in  some  coses, 
due  to  quadrilateral  depressions.  Some  irons  show  do  distinct  crystalline  structure  upon 
etching. 

The  exterior  of  masses  of  meteoric  iron  is  usually  more  or  less  deeply  pitted  with 
rounded  thumblike  depressions,  and  the  surface  at  the  tune  of  fall  is  covered  wiih  a  film  of 
iron  oxide  in  fine  ridges  showing  lines  of  flow  due  to  the  melting  caused  by  the  heat 
developed  by  the  resistance  of  the  air;  this  film  disappears  when  the  iron  is  exposed  to  the 
weather. 

Meteoric  iron  is  always  alloyed  with  nickel,  which  is  usually  present  in  amounts  varying 
from  5  to  10  p.  c,  sometimes  much  more;  small  amounts  of  other  metals,  as  cobalt, 
manganese,  tin,  copper,  chromium,  are  also  often  present.  Occluded  gases  can  usually 
be  detected.  Graphite,  in  seams  or  nodules,  also  troilite  (Iron  sulphide),  schreibersite  (irou- 
Dickel  phosphide)  are  common  in  masses  of  meteoric  iron;  diamond,  daubreelite,  etc.,  are 
rare.    CoheniU,  sometimes  identified,  is  (Fe,Ni.Co)sC  in  tin-white  crystals. 


Glorieta  Mt.,  New  Mexico 
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n.  sdtjFhides,  selenides,  teIjIiXtrides,  arsenides, 

ANTIMONIDES. 

The  sulphides,  etc ,  fall  into  two  Groups  according  to  the  character  of  the 
positive  element. 

I.  Siilphides,  Selenides,  Tellurides  of  the  Semi-Metals. 
II.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of 
the  Metals. 


I.  Sulphides,  etc.,  of  the  Semi-Metals. 

This  section  includes  one  distinct  group,  the  Stibnite  Group,  to  which 
orpiment  is  related;  the  other  species  included  stand  alone. 

RBALQAR. 

Monoclinio.     Axes  €i:t:6  =  1-4403  :  1  :  0-9729;  /3  =  66°  5'. 

589.  fnrnf",  110  a  110  =  lOd*'  34'.  rr",  012  a  012  =  47"  57. 

Crystals  short  prismatic;  striated  vertically.  Also  granular, 
coarse  or  fine;  compact;  as  an  incrustation. 

Cleavage:  J,  rather  perfect.  Fracture  small  conchoidal. 
Sectile.  H.  =  l"5-2.  G.  =  3*556.  Luster  resinous.  Color 
aurora-red  or  orange-yellow.  Streak  varying  from  orange-red 
to  aurora- red.     Transparent — translucent. 

Gomp. — Arsenic  monosulphide,AsS  =  Sulphur  29 -9,  arsenic 
701  =  100. 
^^  Pyr,,  etc.— In  the  closed  tube  melts,  volatilizes,  and  gives  a  trans 

\j"-vaLr  parent  red  sublimate;  in  the  open  tube  (if  heated  very  slowly)  sulpburous 

^  'o}»'h-  fumes,  and  a  white  crystalline  sublimate  of  arsenic  trioxide.    B.B.  on 

charcoal  burns  with  a  blue  flame,  emitting  ai-senical  and  sulphurous  odors.     Soluble  in 
cuiisiic  alkalies. 

Oba.— Ofien  associated  with  orpiment;  occurs  with  ores  of  silver  and  lead,  at  Felsdbanya 
and  Kapnik,  Hunpury:  Nagyag:  Joachimsthal;  Schneeberg;  Andreasberg;  Binnenthal, 
8v\iizerlan(l,  in  dolomite;  near  Julamerk  in  Kurdistan.  In  the  U.  S.,  in  Iron  county, 
Uiah;  also  in  California,  San  Bernardino  Co.;  Trinity  Co..  in  calcite.  Norris  Geyser  Basin. 
Yellowstone  Park,  as  a  deposition  from  the  hot  waters.  The  name  realgar  is  from  the 
Arabic  Rah j  al  ghftr,  jHwder  of  tJie  mine, 

ORPIMENT. 

Monoclinic*    Axes  a\i\d  =  1-2061  :  1  :  0-6743,  /?  =  90°.  approi. 

Crjrstals  small,  nirely  distinct.  Usually  in  foliated  or  columnar  masses; 
sometimes  with  reniform  surface. 

Cleavage:  h  highly  perfect,  cleavage  face  vertically  striated;  a  in  traces; 
glidiug-plane  c  (001).  Sectile.  Cleavage  laminae  flexible,  inelastic.  H.  =  10-2. 
G.  =  3'4-3-5.  Luster  pearly  on  b  (cleavage);  elsewhere  resinous.  Color 
lemon-yellovir  of  several  shades  ;  streak  the  same,  but  paler.  Sub  transparent— 
subtranslucent. 

Gomp. — Arsenic  trisulphide,  As^S,  =  Sulphur  39-0,  arsenic  61  0  =  100. 

*  See  Groth,  Tab.  Ueb.,  17,  1898.  The  fine  crystals  from  Mercnr,  Utah,  nre  distinctly 
monoclinic  in  habit  (Peufield). 
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IPyr^  etc. — In  the  closed  tube,  fuses,  yolatilizes,  and  gives  a  dark  yellow  sublimate; 
other  reactions  the  same  ns  under  realgar.     Dissolves  in  aqua  regia  and  caustic  alkalies. 

I>ifL — Distinguished  by  its  fine  yellow  color,  pearly  luster,  easy  cleavage,  and  flexibility 
when  iu  plates. 

Obs.— Occurs  in  small  crystals  in  clay  at  Tajowa,  in  Upper  Hungary;  in  foliated  and 
fibrous  masses.  atMoldawain  the  Banat;  at  Kapnik  and  FelsObdnyaiu  nietnlliferous  veins: 
at  the  Solftttura  near  Naples.  Near  Julamerk  in  Kurdistan  a  large  Turkish  mine.  Octcurs 
with  realgar  in  seams  in  compact  clay  beneath  lava  in  Iron  county,  Utah;  also  finely 
crystallized  at  Mercur.  Among  the  deposits  of  the  Steamboat  Springs,  Nevada;  also  with 
realgar  in  the  Yellowstone  Park. 

Tiie  name  orpiment  is  a  corruption  of  its  Latin  name  auripigmentum.  '*  golden  paint," 
given  in  allusion  to  the  color,  and  also  because  the  substance  was  supposed  to  contain  gold. 

Stibnite  Group. 


d 

b  :i 

Stibnite 

Sb,S. 

0-9926 

1  :  10179 

BiBmnthinite 

Bi,S. 

0-9679 

1  :  0-9850 

Onanajnatite 

Bi,Se. 

1 

1  approx. 

The  species  of  the  Stibnite  Group  crystallize  in  the  orthorhombic  system 
and  have  perfect  brachydiagonal  cleavage,  yielding  flexible  laminae. 

The  species  orpiment  is  in  physical  properties  somewhat  related  to  stibnite.  but  seems 
to  be  monocliuic  iu  crystallization.  Groth  notes  that  the  oxide,  AsaOs.  is  moiioclinic  in 
claudetite.  while\he  corresponding  compound,  SIhOj  (valen tin ite),  is  orthorhombic;  further 
he  remarks  on  the  relation  iu  form  and  physical  characters  between  orpiment  and  claudetite. 


8TIBNITJEL     Antimonite,  Antimony  Glance,  Gray  Antimony,  Antimouglanz  Oerm. 
Orthorhombic.     Axes  &:h:d  =  0-9926  •  1  :  1-0179. 


mm"\  110  A  110  =  89'  34'. 
pp\      111  A  ill  =  71*  241'. 
«'.       113  A  113  =  35"  52i'. 
m",     113  A  113  =  35="  36'. 


bv,  010  A  121  =  85**    8'. 

br?,  010  A  353  =  40°  lOf. 

br,  010  A  848  =  46'  38'. 

bp,  010  A  111  =  54"*  36'. 


590. 


691. 


592. 


Crystals  prismatic;  striated  or  farrowed  vertically;  often  curved  or  twisted 
(cf.  p.  148).  Common  in  con- 
fused aggregates  or  radiating 
groups  of  acicnlar  crystals;  mas- 
sive, coarse  or  fine  columnar,  less 
often  granular  to  impalpable. 

Cleavage:  b  highly  perfect. 
Slightly  sectile.  Fracture  small 
snbconchoidal.  H,  =2.  G.  = 
4 •52-4-62.  Luster  metallic,  highly 
splendent  on  cleavage  or  fresh  . 
crystalline  surfaces.  Color  and 
streak  lead-gray,  inclining  to 
steel-gray:  subject  to  blackish 
tarnish,  sometimes  iridescent. 

Comp. — Antimony   trisulphide, 
Sb,S,  =  Sulphur  28-6,   antimony 
argentiferous. 

Pyr.,  etc.— Fuses  very  easily  (at  1),  coloring  the  flame  greenish  blue.  In  the  open  tube 
suli^hurons  (8O0  and  antimonial  (chiefly  SbsO*)  fumes,  the  latter  condensing  as  a  white 
sublimnte  whi«h  B.B.  is  non- volatile.     On  charcoal  fusos,  spreads  out,  gives  sulphurous 
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California. 
71-4  =  100. 


Hungary.  Japan. 

Sometimes   auriferous,  also 
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fumes,  and  coats  the  coal  white  with  oxide  of  autimony;  this  coating  treated  in  R.  F. 
voiaiilizes  and  tinges  the  flame  greenish  blue.  When  pure  perfectly  soluble  in  hydrochloric 
acid:  in  nitric  acid  decompoiied  wiib  separation  of  uulimonv  pentoxide. 

Diflf.— Distinguished  {e.g.,  from  galenn)  by  cleavage,  color,  softness;  also  by  its  fusibil- 
ity imd  other  blowpipe  characters.  It  is  harder  than  graphite.  Resembles  sometimes 
certain  of  ihe  rarer  sulphaniimouites  of  lead,  but  yields  no  lead  coating  on  charcoal. 

Obs. — Occurs  with  quartz  in  beds  or  veins  in  granite  and  gneiss,  often  accompanied 
with  various  other  iintimony  minerals  produced  by  its  alteration.  Also  associated  in 
meialliferous  deposits  with  sphalerite,  galena,  cinnabar,  bariie,  quartz;  sometimes  accom- 
panies native  gold. 

Occurs  at  Wolfsberg,  in  the  Har/.;  Braunsdorf,  near  Freiberg;  Pribram;  Casparizeche. 
near  Arnsberg,  Westphalia;  FelsSb&nya,  Hungary;  in  Cornwall,  abundant  Also  abundant 
in  Hortieo:  in  Victoria  and  New  South  Wales.  Qroups  of  larfi^e  splendent  crystals  have 
contc  from  the  antimony  min-s  in  the  Province  of  lyo,  island  ofShikoku,  Japan. 

In  the  United  States  occurs  as  a  vein  of  some  extent  in  Sevier  county.  Ark.;  in  Cali- 
fornia Ht  San  Emigdio.  Kern  county,  and  near  Alta,  Benito  Co.;  in  the  Humboldt  miuing 
region  in  Nevada;  in  Iron  county,  Utah.  In  New  Brunswick  in  Prince  William.  York 
county.  20  m.  from  Fredericton;  in  Rawdon  township.  Hants  Co.,  N.  S 

Metastibnlte.  An  amorphous  brick-red  deposit  of  antimony  trisnlphide,  SbsSt ,  oc- 
currinir  with  cinnabar  and  ai-senic  Sulphide  upon  siliceous  sinter  at  Steamboat  Spriugs, 
Washoe  Co.,  Nevada. 

BISMUT&INZTB.    Bismuth  Olance.     Wismuthglan^  Oerm. 

Orthorhombic.  Earely  in  acicular  crystals,  wm"'  =  88°  8'.  Usually 
massive,  foliated  or  fibrous. 

Cleavage:  b  perfect.  Somewhat  sectile.  H.  =  2.  G.  =  6*4-6'5.  Luster 
metallic.  Streak  and  color  lead-gray, -inclining  to  tin-white,  with  a  yellowish 
or  iridescent  tarnish.     Opaoue. 

Comp. — Bismuth  trisnlphide,  Bi,S,  =  Sulphur  18*8,  bismuth  8V2  =  100. 
Sometimes  contains  a  little  copper  and  iron. 

P3rr.i  eto.>-FusibIlity  =  1.  In  the  open  tube  SMlpburous  fumes,  and  a  white  sublimate 
wliich  B.B.  fuses  into  drops,  brown  while  hot  and  opaque  yellow  on  cooling.  On  char- 
<'omI  at  first  gives  sulphurous  fumes;  then  fuses  with  spirting,  and  coats  the  coal  with 
y(  How  bismuth  oxide;  with  potassium  iodide  a  bright  red  coating  of  bismuth  iodide  is 
obtained.  Dissolves  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting 
with  water. 

Obs.— Found  at  Brandy  GUH.  Carrock  Fells,  in  Cumberland;  near  Redruth,  etc.  In 
France  at  Meyniac,  Corr^ze;  at  Johanngeorgenstadt,  Schneebefg;  at  Witticlien,  Baden;  at 
Ri«ldarhyttan.  Sweden;  near  Sorata.  Bolivia. 

In  the  U.  S.,  occurs  with  gold  in  Rowan  Co.,  N.  C,  at  the  Barnhardt  vein;  sparingly 
at  Willimantic,  Conn.;  abundant  in  Beaver  Co.,  Utah. 

Guanajuatite.  Frenzelite;  Selenwismuthglanz  Oerm.  Bismuth  selenide,  BifSei, 
sometime^  with  n  small  amount  of  sulphur  replacing  selenium.  In  acicular  crystals:  also 
massive,  granular,  foliated  or  fibrous.  Cleavage:  d  distinct.  H.  =  2'5-8'5.  G.  =6'25- 
6  62.  Luster  metallic.  Color  bluish  gray.  From  the  Santa  Catarina  mine,  near  Guana- 
Junto,  Mexico. 


TBTRADTMITB.    Tellurwismnth  Oerm. 

Ehombohedral.  Crystals  small,  indistinct.  Commonly  in  bladed  forms, 
foliated  to  granular  massive. 

Cleavage:  basal,  perfect.  Laminae  flexible;  not  very  sectile.  fl.  =  1*5-2; 
soils  paper.     G.  =  7-2-7"6.     Luster  metallic,  splendent.     Color  pale  steel-gray. 

Comp.,  Tar.— Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur 
and  a  trace  of  selenium ;  the  analyses  for  the  most  part  afford  the  general 
formula  Bi,(Te,S),. 

Var.—l.  Free  from  sulpliur.  Bi«Tej,  =  Tellurium  48-1,  bismuth  51  -9.  G.  =  7*642  from 
Dahlonega.    Var!  2,  Sulphurous.    2BiiTet.Bi|Ss  =  Tellurium  36  4,  sulphur  4-6,  bismuth 
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59  0  =  100.  This  is  the  more  commoD  variety  aud  includes  tbe  Utradymite  of  Uuidinger 
iu  crystals  from  8chubkaii. 

Pyr.— In  the  open  tube  a  wbite  sublimate  of  tellurium  dioxide,  vliich  B.B.  fuses  to 
coloriess  drops.  On  cbarcoal  fuses,  gives  wbite  fumes,  iind  entirely  volatilizes;  tinges  tlie 
R  F.  bluish  green;  coals  tbe  coal  at  first  while  (TeOa),  and  finally  orange-yellow  (BiiO»); 
some  varieties  give  sulphurous  and  seleuous  odors. 

ObB.— Occurs  at  Schubkau  near  Schenmitz:  Rezbanya;  Orawitza  in  the  Baiiat;  Telle- 
niiuk  in  Norway;  Bastnaes  mine,  near  RiddarhyttHn,  Sweden.  In  the  U.  S.,  in  Virginia, 
at  tbe  Whitehall  gold  mines,  Spoltsylvunia  Co.;  in  Davidson  Co..  N.  C.  and  in  the  gold 
washings  of  Burke  and  McDowell  counties,  etc. ;  similarly  in  Montana.  At  the  Montgomery 
mine,  Arizona.  Named  from  rerpdSvfio^,  fourfold,  in  allusion  to  complex  twin  crystals 
somet  i  mes  observed. 

Jo8«ite.— A  bismuth  telluride  (Te  80  p.  c,  also  S  and  8e).    G.  =  7'9.    San  Jos^,  Brazil. 

WehrUte.  A  foliated  bismuth  telluride  (Te  SO  p.  c.)  of  doubtful  formula.  Q.  =  8*4. 
Deulsch-Pilsen,  Hungary. 

MOIiTBDHSmBr-  Molybd&nglanz  Oerm, 

GrystalB  hexagonal  in  form,  tabular,  or  short  pisms  slightly  tapering  and 
horizontally  striated.  Commonly  foliated,  massiye  or  in  scales;  dso  fine 
graiuilar. 

Cleavage:  basal  eminent.  Laminse  very  flexible,  bat  not  elastic.  Sectile. 
If,  =  l-rs.  G.  =  4'7-4'8.  Luster  metallic.  Color  pure  lead-gray;  a  bluish 
gray  trace  on  paper.     Opaque.     Feel  greasy. 

Comp.~Molybdenum  disulphide,  MoS,  =  Sulphur  400,  molybdenum  60-0 
=  100. 

Pyr.,  etc. — ^In  the  open  tube  sulphurous  fumes  and  a  pale  yellow  crystalline  sublimate 
of  molybdenum  trioxide  (MoOt).  B.B.  in  the  forceps  infusible,  imparts  a  yellow ish-^reen 
(ol.ir  10  the  flame;  on  charcoal  the  pulverized  mineral  gives  iu  O.F.  a  strong  odor  of  sul- 
phur, and  coats  the  coal  with  crystals  of  molybdic  oxide,  yellow  while  hot,  while  on  cool- 
1  li:;  near  the  assay  the  coating  is  copper- red,  aud  if  the  white  coating  be  touched  with  an 
iiirermitient  R.F.,  it  assumes  a  beautiful  azui*e-blue  color.  Decomposed  by  nitric  acid, 
Ifaviiijr  a  while  or  grayish  residue. 

DifE^— Much  resembles  graphite  in  softness  and  structure  (see  p.  278),  but  has  a  bluer 
trace  on  paper  and  readily  yields  sulphur  on  charcoal. 

Obs.— (Generally  occurs  embedded  in,  or  disseminated  through,  granite,  gneiss,  zircon- 
syenite,  ernnular  limestone,  and  other  crystalline  rocks.  4^  Numedal,  Sweden;  Arendal 
and  Laurvik  iu  Norway;  Altenberg.  Saxony;  Zinnwald,  Bohemia;  near  Miask,  Urals; 
Cliessy  in  France;  in  Italy,  at  Traversella;  Cnrrock  Fells,  in  Cumberland;  at  several  of  the 
Cornish  mines. 

Ill  Maine,  at  Bhie  Hill  Bay;  in  Gonn.,  at  Haddam,  in  gneiss;  in  Vermont,  at  Newport; 
ill  N  Hampshire,  lit  We&imore\&tu\;  in  N.  York,  two  miles  southeast  of  Warwick;  in  Penn,, 
in  Chester,  near  Reading;  near  C<»ncord,  Cabarrus  Co.,  N.  C.  In  Canada,  at  St.  JerOme, 
Quebec;  in  large  crysUils  in  Renfrew  county,  Ontario;  also  in  Aldfield  township,  Pontiac 
Co."  Quebec. 

Named  from  fi6Xvp8oi,  lead;  the  naipe,  first  given  to  some  substances  containing  lead, 
later  included  graphite  and  molybdenite,  nnd  even  some  compounds  of  antimony.  The 
distinction  between  graphite  and  molybdenite  was  established  by  Scheele  in  1778-79. 

n.  Sulphides,  Selenldes,  Tellurides,  Arsenides,  Antimonides  of 

the  Metals. 

The  sulphides  of  this  second  section  fall  into  four  divisions  depending 
upon  the  proportion  of  the  negatiye  element  present.  These  divisions  with 
the  groups  belonging  to  them  are  as  follows: 
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A.  Basic  Division. 
B.  Monosulphides,  Monotellurides,  etc.,  B,S,  BS,  etc 

1.  Galena  Group.    Isometric^  normal  gronp. 

2.  Gbaleocite  Group.     Orthorhombia 

3.  Sphalerite  Group.     leometric-tetrahedral. 

4.  Cinnabar— Wnrtzite—Millerite  Group.    Hexagonal  and  rhombohedral 

C.  Intermediate  Division. 

Embraces  Melonite,  Te,S,;  also  Bornite,  3Cu,S.Fe,S,;  Linnaeite,  CoS.Co,S,; 
Chalcopyrite,  Cu,S.Fe,S,;  etc. 

D.  Disulphides,  Diarsenides,  etc.,  BS,,  BAs,»  etc. 

1.  Pyrite  Group.     leometric-pyritohedraL 

2.  Marcasite  Group.    Orthorhombic. 


A.  Basic  Division. 


The  basic  diyision  embraces  several  rare  basic  compounds  of  silver  or  copper 
chiefly  with  antimony  and  arsenic.  Of  these  the  crystidlization  of  dyscrasite 
only  is  known. 

DYSCRASrm.    ADtimoDsilber  Qerm. 

Orthorhombic.  Axes  d  \l\t  =  0-5775  :  1  :  0*6718.  Crystals  rare,  pseudo- 
hexagonal  in  angles  {mm'"  =  60°  1')  and  by  twinning.  Also  massive.  Frac- 
ture uneven.  Sectile.  H.  ==  3-5-4.  G.  =^  9-44r-9-85.  Luster  metallic.  Color 
and  streak  silver-white,  inclining  to  tin-white;  sometimes  tarnished  yellow  or 
blackish.     Opaque. 

Comp. — A  silver  antimonide,  including  Ag.Sb  =  Antimony  27*1,  silver 
72-9  =  100,  and  Ag.Sb  =  Antimony  15-7,  silver  84-3  =  100,  and  perhaps  other 
compounds. 

Analyses  vary  widely,  some  conforming  also  to  AgsS.  Ag4(Sb,A8)i,  etc.  By  some 
authors  classed  Mrith  cbalcocite. 

Pyr.,  etc. — B.B.  on  charcoal  fuses  to  a  globule,  coating  the  coal  with  white  antimony 
trioxide  and  finally  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving 
antimony  trioxide. 

Obs.— Occurs  near  Wolfach,  Baden;  Wittichen;  Andreasberg  in  the  Harz;  Allemont, 
Prance.    Named  from  Sva-Kpaaii,  a  bad  alloy. 

Horsfordite.  A  silver- white,  massive  copper  antimonide,  probably  CufSb  (Sb  24  p.  c). 
G.  =  8-8.    Asia  Minor,  near  Mytilene. 

HuNTiLiTB,  Animikitk.  The  ores  from  Silver  Islet,  Lake  Superior,  apparently  contain 
a  silver  arsenide  (huntiliie,  A|^s  As?)  and  perhaps  also  a  silver  antimonide  (animikiie,  AgtSb?). 
the  latter  related  to  or  identical  with  dyscrasile. 

Domeykite.— Copper  arsenide.  CusAs.  Reniform  and  botryoidal;  also  massive,  dis- 
seminated. G.  =  7-^7-75.  Luster  metallic.  Color  tin-white  to  steel-mray,  readily  tar 
nished.  From  several  Chilian  mines;  also  Zwickau,  Saxony.  In  N.  America,  with  niccoliie 
at  Michipicoten  Island,  L.  Superior. 

Algodonite.  Copper  arsenide,  Cu«As  (As  16*5  p.  c);  G.  =  7*62.  Resembles  domeyk- 
ite.    From  Chili;  also  L.  Superior. 

Whitneylte.  Copper  arsenide,  Cu.As  (As  11-6  p.  c).  G.  =  8-4-8*6.  Color  pale  red- 
dish white.    From  Houghton  Co..  Michigan;  Sonora,  L.  California. 

Ohttenite.    Perhaps  Ag«Bi.     Copiapo.  Chili. 

Stdtsite.    A  rare  silver  telluride  (Ag^Te?).    Probably  from  Nagyftg. 
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B.  Monosulphldes,  Monotellurides,  etc., 

E.S, 

ES,  etc. 

1.  Galena  Groap.    Isometric. 

Oaleaa                            PbS 

Argentite 

Ag.S 

Also,          (Pb,Ca,)S,  (Cu„Pb)S 

Jalpaite 

(Ag,Cu),S 

Altaite                            PbTe 

Hessite 

Ag,Te 

ClanithaUte                   PbSe 

Agoilarite 

Ag,Se 

Vaunaiuiite             (Ag„Pb)Se 

The  following,  known  only  in  maasiye  form,  probably  also  belong  here: 
Berzelianite  Cu.Se  Zorgite  (Pb,Cu„Ag,)Se  ? 

Lehrbachite  (Pb,Hg,)Se  Crookesite  (Cu,Tl,Ag),Se 

Eucairite  Gu,Se.Ag,Se 

The  Galena  Group  embraces  a  number  of  monosnlphides,  etc,,  of  the 
related  metals,  silver,  copper,  lead,  and  mercury.  These  crystallize  in  the 
normal  group  of  the  isometric  system,  and  several  show  perfect  cubic  cleavage. 
These  characters  are  most  distinctly  exhibited  in  the  type  species,  galena. 


GAIaSNA,  or  Qalenite.     Lead  glance.    Bleiglanz  Qerm. 
693.  694.  695. 


696. 


Fracture  flat  sub- 
697. 


Isometric.  Commonly  in  cubes,  or  cu bo-octahedrons,  less  often  octahedraL 
Also  in  skeleton  crystals,  reticulated,  tabular.  Twins:  tw.  pi.  o,  both  contact* 
and  penetration-twins  (Pigs.  363,  366,  p.  123),  sometimes  repeated;  twin 
crystals  often  tabular  ||  o.  Also  other  tw.  planes  giving  polysynthetic  tw. 
lamellaB.  Massive  cleavable,  coarse  or  fine  granular,  to  impalpable;  occasion* 
ally  fibrous  or  plumose. 

Cleavage  :  cubic,  highly  perfect;  less  often  octahedral. 
<^onchoidal   or   even.      H.  =  2*5-2'75.      G.  =  7-4-7-6. 
Luster    metallic.     Color  and  streak  pure    lead-gray. 
Opaque. 

Comp.,  Tar. — Lead  sulphide,  PbS  =  Sulphur  13-4, 
lead  86'6  =  100.  Often  contains  silver,  and  occasionally 
selenium,  zinc,  cadmium,  antimony,  bismuth,  copper,  as 
sulphides;  besides,  also,  sometimes  native  silver  and  gold. 

Var. — ^1.  Ordinary,  {a)  Crystallized;  (h)  somewhat  fibrous 
rind  plumose;  (c)  cleavable.  p^inular  coarse  or  fine;  {d)  crypto- 
crystalHne.  ITae  variety  with  octahedral  cleavage  is  rare*;  the 
UMial  cubic  cleavage  is  obtained  readily  after  heating  to  200^  or 
i^X)":  the  peculiar  cleavage  may  be  connected  with  the  bismuth 
usually  present. 

2.  ArgentiifeTOU\  All  galena  is  more  or  less  argentiferous,  and  no  external  charactera 
!>erve  to  distinguish  the  kinds  that  are  murh  so  from  those  that  are  not.  The  silver  ia 
detected  by  cupellation.  and  may  amount  from  a  few  thousandths  of  one  per  cent  to  one 
per  cent  or  more;  when  mined  for  silver  it  ranks  as  a  filter  ore. 
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3.  CoutaiDing  nrsenic,  or  antimony,  or  a  compound  of  tbese  metals,  as  impurity.  Here 
belong  bleischtenf  from  Clausthal  wiih  0'22  8b,  and  itsinmannite  fnm  Pribram,  with  boL 
arsenic  uud  antiinouy. 

Pyr. — lu  the  open  tube  gives  sulphurous  fumes.  B.B.  on  chHi'Coal  fuses,  emits  $\i;- 
pburous  fumes,  coats  tbe  cotii  yellow  near  the  assay  (PbO)  and  white  with  a  bluish  LN)r<ltr 
at  u  distance  (PbSOt,  cbietly).  and  yields  a  globule  of  metallic  lead.  Decomposed  by 
strong  nitric  acid  with  the  separation  of  some  sulphur  and  the  formation  of  lead  sulphate. 

DiC — Distinguished,  except  in  very  flue  granular  varieties,  by  its  cubic  cleavage;  ilu' 
color  and  the  high  specitic  gravity  are  characteristic;  also  the  blowpipe  reactions. 

Obs.— One  of  the  mo^t  widely  distributed  of  the  metallic  sulphides.  Occurs  iu  beih 
and  veins,  both  in  crystalline  and  uucrystalliue  rocks.  It  is  often  associated  with  pyriie. 
nuircasite,  sphalerite,  chalcopyrite,  arsenopyrite,  etc.,  in  a  gangue  of  quartz,  calcite,  hnriit' 
or  fluorite,  etc.;  also  with  cerussite,  auglesite,  and  other  sails  of  lead,  which  are  frequeut 
results  of  its  alteration.    It  is  also  common  with  gold,  and  in  veins  of  silver  ores. 

At  Freiberg  in  Saxony  it  occupies  veins  in  gneiss;  in  Spain,  in  granite  at  Linares,  also 
In  Catalonia,  Grenada,  and  elsewhere;  at  Clausthal  and  Neudorf  iu  the  Harz.  and  at 
Pfibram  iu  Bohemia,  it  forms  veins  in  clay  slate;  similarly  in  Styria;  at  Sala  in  Sweden  iu 
veins  iu  granular  limestone;  through  the  ^ray wacke  of  Leadhiils  and  the  killas  of  Cornwall, 
in  veins;  tilling  cavities  in  the  Subcarbouiferous  limestone  in  Derbyshire.  Cumberland,  aud 
the  northern  districts  of  England;  also  at  Bleiberg.  Curiuthia.  In  the  English  mines  it  ig 
fissociaied  with  calcite.  pearl  spar,  fluorite.  barite,  wiilierite,  calamine,  and  sphalerite. 
Other  localities  at eJoacliimsthal.  Bohemia;  Ptmllaouen  and  Huelgoet,  Brittany;  Sardiob; 
Nerchinsk.  East  Siberia:  Australia;  Chili;  Bolivia,  etc.  I 

Extensive  deposits  of  this  (»re  iu  the  United  States  exist  in  Missouri,  Illinois,  Iowa,  nnd  I 
Wisconsin.  The  ore  occurs  not  in  veins  but  filling  cavities  or  chambers  in  ^ratitie<i 
limestone,  of  different  periods  of  the  Lower  Silurian,  especiall}'  the  Trenton,  also  iu  part 
8ui»carl>oniferous.  It  is  associated  with  sphalerite,  sniith^onite.  calcite.  pyrite.  Tbe 
Mihiiduri  mines  are  situated  in  the  couuties  of  Washinfftou,  Jefferson,  Madison  aud  others. 
Good  crystals  are  obtained  at  Joplin,  Jasper  Co.  Also  occurs  in  Mew  York,  at  Rossie, 
8t.  Lawrence  Co..  in  crystals  with  calcite  and  chalcopyrite:  in  Maine,  at  Lubrc,  etc.;  ii 
M(U8  ,  at  Southampton.  New  bury  port,  etc;  in  Penn.,  at  Phenixville  and  elsewhere;  in 
Virginia^  at  Austin's  mines  in  Wythe  Co.,  and  other  places;  in  Tenn ,  at  Havsboro.  near 
Nashville:  in  Mich.,  in  the  Lake  Superior  copper  district  and  on  the  N.  shore  of  ti.  Superior; 
in  California,  at  many  of  thej^old  mines;  in  Nevada,  abundant  in  the  Eureka  district;  in 
ArisuiiMi,  iu  the  Castle  Dome,  Eureka,  and  other  districts.  In  Colorado,  at  Leadville  ili«re 
are  productive  mines  of  argentiferous  galena,  also  at  Georgetown,  the  San  Juan  district  nni 
elsewhere.  Mined  for  silver  in  the  Coeur  d'Al^ne  region  iu  Idaho;  also  at  various  points  Id 
Montana. 

The  name  galena  is  from  the  Latin  galena  (y<rXify7f),  a  name  given  to  lead  ore  or  tbe 
dross  from  melted  lead. 

CupROPLUMBiTB.  A  massive  mineral,  from  Chili,  varying  iu  characters  from  ^lena  to 
those  of  chalcocite  and  covellite;  composition,  Cu,S.2Pl)8(?).  Aliionite  is  massive,  d(rn 
indigo-blue  quickly  tarnishing;  corresponds  to  SCutS.PbS.  From  Mina  Grande,  Chi ' 
Whether  these  and  similar  minerals  represent  definite  homogeneous  compounds,  or  oily 
ill-defined  alteration-products,  is  uncertain,  and  if  so  it  is  not  clear  whether  they  abould  l^e 
cla.ssed  with  isometric  galena  or  with  orthorhombic  chalcocite. 

Altaite.  Lead  telluride.  AgTe.  Rarely  in  cubic  crystals,  usually  massive  with  cnbic 
cleavage.  Q.  =  8*16.  Color  tin-white,  with  yellowish  tinge  tarnishing  to  bronze-yellow. 
From  the  Altai,  with  hessite;  Coquimbo,  Chili;  California;  Colorado. 

Olausthalite.     Lead  selenide,  PbSe.     Commonly  in   fine  granular  masses  resemh  in.' 

gilena.    Cleavage:  cubic.     G.  =  7-6-8-8.     Color  lead-gray,  somewhat  bluish.     From  th'. 
arz.  at  Clausthal,  etc. ;  Cacheuta  mine,  Mendoza.  8.  A.   Tilkerodiie  is  a  cobal  tiferous  varit:  v 
Naomannite.      Silver-lead  telluride  (Agt.Pl>48e.      In  cubic  crystals;    also   massivf^, 

frauiilar,   in  thin  plates.      Cleavage:    cubic.     G.  =  8*0..     Color  and  streak  iroD-bl»ck. 
rom  Tilkerode  in  the  Hnrz. 

ARGENTTTB.     Silver  Glance.     Silberglanz  Qerm, 

Isometric.  Crystals  often  octahedral,  also  a,  o\  often  distorted,  freqnentlr 
ffronped  in  reticulated  or  arborescent  forms;  also  filiform.  Massive;  em- 
bedded; as  a  coating.  j 

Cleavage:  a,  d  in  traces.    Fracture  small  subconchoidal.    Perfectly  sectile 
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L  =  2-2-5.     G.  =  7-20-7*36.     Luster  metallic.    Color  and  streak  blackish 
ead-gray;  streak  shiniug.     Opaque. 
Comp.— Silver  sulphide,  Ag,S  =  Sulphur  12-9,  silver  87-1  =  100. 

Pyr.,  etc — In  the  open  tube  gives  off  sulphurous  fumes.  B.B.  on  charcoal  fuses  with 
itumescence  iu  O.  F.,  einittiug  sulpliiirous  fumes,  and  yielding  a  globule  of  silver. 

Diff.— Distinguished  from  other  sulphides  by  being  readily  cut  with  a  knife;  also  by 
ieldiug  metallic  silver  on  cbarcoul. 

Obfl.— Found  at  Freiberg.  Joacbimslbal.  etc.;  Schemnitz,  Hungary;  in  Norway  near 
[oDL'sberg;  in  the  Altai;  in  Cornwall;  Peru;  Chili;  Mexico  at  Quanajuato,  etc. 

Occurs  in  Nevada,  at  the  Conistock  lode;  at  the  Silver  King  mine,  Arizona;  at  mines 
e:ir  Port  Arthur  on  north  shore  of  Lalie  Superior;  with  native  silver  and  copper  in 
iriiieru  Michigan. 

Jalpajtk  is  a  cupriferous  argentite  from  Jalpa,  Mexico. 

Heesite.  Silver  tclluride,  A^iTe.  Isometric.  Usually  massive,  compact  or  fine- 
raiued.  Cleavage  indistinct.  Bomewbat  sectile.  H.  =  2-6-8.  G.  =  8-81-8-46.  Color 
eiween  lead-eray  and  steel-gray.  From  the  AlUu;  at  Nairyfig  in  Transylvania;  Rezbanva, 
liiDgury:  Chili,  near  Arqueros,  Coquimbo.  In  the  IT.  S.,  Calaveras  Co.,  Cal.;  Boulder 
D..  toloi-udo;  Utah.  This  species  also  ofien  contains  gold  and  thus  graduates  toward 
itziie. 

Petzite.  (Ag,Au)«Te  with  Ag :  Au  =  8 :  1.  Massive;  granuUr  to  compact.  Slightly 
ciil  io  brittle.  H.  =  2-5-8.  G.  =  8-7-902.  Color  steel-gray  to  iron-black;  tarnishing. 
rum  Nagydg,  Transylviinia;  Colorado;  California. 

Agnilarite  Silver  selenide,  A^tS  and  A 0:9(8. Se).  In  skeleton  dodecahedral  crystals. 
ectilc.    G.  =  7*586.    Color  iron-black.    From  Guanajuato,  Mexico. 

BerzAlianite.  Copper  selenide.  CuiSe.  In  thin  dendritic  crusts  and  disseminated. 
.  =  6'ii.  Color  silver-white  tarnishing.  From  Skrikerum,  Sweden;  Lehrbach,  in  the 
arz. 

Lehrbachite.  Selenide  of  lend  and  mercury.  PbSe  with  HgSe.  Massive,  granular. 
.  =  78.    Color  lead- gray  to  iron-black.    From  Lehrbach,  in  the  Harz. 

Eucairite  CuaSe.AgaSe.  Massive,  granular.  G.  =  7-50.  Color  between  silver-white 
)ii  lead-gray.     From  the  Skrikerum  copper  mine,  Sweden;  also  Cliili. 

Zorgita.      Selenide   of   lead    and  copper  in  varying  amounts.      Massive,  granular. 

=  T-7-5.     Color  dark  or  light  lead-gray.    From  tlie  Harz;  Cacheuta,  Argentina. 

Crookeaite.  Selenide  of  copper  and  thallium,  also  silver  (1-5  p.  c),  (Cu,Tl,Ag)tSe. 
a^sive,  compari.  G.  =  6*9.  Luster  metallic.  Color  lead-gray.  From  the  mine  of 
krikenim.  Sweden. 

Umangite.  CuSe  CutSe.  Massive,  fine-f^ranular  to  compact.  H.  =  8.  G.  =  5*620. 
olor  dark  cherry-red.    From  La  Rioja,  Argentina. 

2.  Cbalcocite  Oroup. 


Chalcocite 
Stromeyerite 
Sternbergite 
Frieseite 

Cu,S 
Ag,S.Cn,S 
Ag,S.Pe,S. 

& 
0-5822  : 
0-5822  : 
0-5832  ; 
0-5970; 

:1 

;1 
:1 

:«5 

:  0-9701 
:  0-9668 
:  0-8391 
:  0-7352 

Acanthite 

Ag.S 

0-6886  ; 

;1 

:  0-9944 

The  species  of  the  Chalcocite  Group  crystallize  in  the  orthorhombic 
stem  with  a  prismatic  angle  approximating  to  60°;  they  are  hence  pseudo- 
^xao^onal  in  form  especially  when  twinned.  The  group  is  parallel  to  the 
alena  Group,  since  Cu,  appears  in  isometric  form  in  cuproplumbitc  and  Ag,S 
so  in  argentite.    Some  authors  include  dyscrasite  here  (see  p.  286). 
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OHAI«OOOITB.    Copper  OlaDce.    Redruthite.    Kiipferglanz  O&rm, 
Ortborhombic,    Axes  d:h:i  =  0-5822  : 1  : 0-9701. 


mm'\  110  A  110=    60"  25'. 
dd\  021  A  021  =  126'  28'. 


001  A  111  =  82*  85i'. 
Ill  A  111  =  58*  8J'. 


Ofte: 


698. 


699. 


Crystals  pseudo-hexagonal  in  angle^  also  hy  twinning  (tw.  pi.  m). 
massiye,  structure  granular  to  compact  and  impalpable. 

Cleavage  :  m  indistinct.  Fracture  conchoiiia. 
Rather  brittle.  H.  =  2-5-3.  G.  =  5-5-5-8.  Lusu- 
metallic.  Color  and  streak  blackish  lead-gray,  ofi^u 
tarnished  blue  or  green,  dull.     Opaque. 

Comp.--Cuprou8  sulphide,  Cu,S  =  Sulphur  -20  C, 
copper  79*8  =  100.  Sometimes  iron  in  small  amoui/ 
is  present,  also  silver. 

Pyr,  etc. — In  the  open  tube  gives  sulphurous  fumes.  I>.H 
on  charcoal  melts  to  a  globule,  which  boils  with  spirting;  ihr. 
fine  powder  roasted  at  a  low  temperature  on  charconl.  ti.  ": 
heated  in  K.F.,  yields  a  globule  of  metallic  copper.  Solul .. 
in  nitric  acid. 

jyifL — Resembles  argeuite  but  much  more  brittle;  bonii' 
has  a  different  color  ou  the  fresh  fructure  and  becomes  inaj- 
ueti«-  B.Bi 

Obs.— Cornwall   affords  splendid   crystals,  especially  ti  - 
districts  of  Saint  Just,  Cuinborne,  and  Redruth  (redr^h^' 
Occurs  at  Joachimsthal.   Bohemia;   Tellenmrken,  Xorw:.    . 
compact  and  massive  varietips  in  Siberia;  Saxony;  Mt.  (n  :  i 
mines  in  Tuscany;  Mexico;  S.  America.  I 

In  the  U.  S..  Bristol,  Conn.,  has  afforded  large  and  brilliant  crystals;  also  foir  d  -ii 
Simsbury  and  Cheshire;  at  Schuyler's  mines.  N.  J. :   in  Nevada,  in  Washoe.  HuniM  i<i 
Churchill  and  Nye  counties:  in  Montana,  massive  at  Butte  Citv.    Found  in  Canada,  ^:  i 
chalcopyri:e  and  bornite  at  the  Acton  mines  and  elsewhere  in  the  province  of  Quebec. 

Stromeyerite.     (Ag.Cu^aS,  or   AgaS.Cu,S.     Rarely  in   orthorhombic   crystals,  ofr-i 
twinned.     Commonly  massive,  compact.     H.  =  2*5-3     O  =  615-6-3.      Luster  raetftl 
Color  and  streak  dark  steel-gray     From  the  Zm»  iiioiroisk  mine,  Siberia;  Silesia;  also  Cbi . 
Zacatecas,  Mexico;  the  Heintzelman  mine  in  Arizona;  Colorado. 


STERNBBRaiTB. 

Orthorhombic.  Crystals  tabtilar  ||  c.  Commonly  in  fan-like  aggregatioT:^ 
twins,  tw.  pi.  m.  Cleavage:  c,  highly  perfect.  Thin  laminsB  flexible,  liki 
tin-foil.  H.  =  I-rS.  G.  =  4*215.  Luster  metallic.  Color  pinchbeck-brow  i 
Streak  black.     Opaque.  i 

Comp.    AgFe,S,  or  Ag,S.Fe,S,  =  Sulphur  30*4,  silver  34-2,  iron  35-4  =  1ni 

Obs. — Occurs  with  pyrargyrite  and  stephanite  At  Joachimslhal,  Bohemia,  and  Joh.<inB 
georgenstadt.  Saxony  I 

Fkiebeitk.  Near  stern bergite.  In  thick  tabular  crystals:  H.  =  2 '5;  G.  =  4*22.  C^k 
dark  gray.     Composition  Ap>Fe»S8.     Occurs  with  marcasite  at  Joachimsthal. 

Acanthite  Silver  sulphide.  AgiS.  like  argentite.  In  slender  prismatic  cryi'ti 
(orthorhombic).  Sectile.  G.  =  7-2-7 -3.  Color  iron-black.  Occurs  at  Joachimsthar  al 
at  Freiberg.  Saxony,  and  at  Schneeberg. 

It  has  been  suggested  that  acanthite  may  be  only  argentite  in  distorted  isometric  crysta 
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Sphalerite  Group.    BS.    Isometric-tetrahedral. 

Sphalerite  ZnS  OnoMte  Hg(S,Se) 

Metacinnabarite  HgS  Alabandite  MnS 

Guadalcazarite  (Hg,Zn)S  Coloradoite  HgTe               Massive 

Tiemannite  HgSe 

The  Sphalerite  Group  embraces  a  number  of  sulphides,  selenides,  etc.,  of 
zinc,  mercury,  and  manganese.  These  are  isometric-tetrahedrid  in  crystalliza- 
tion. 

SFHAJLBRrril,  Zinc  Blende  or  Blende.    Black-jack,  Mock-Lead,  False  Galena 
Engl.    ZiDkblende  &M-m. 

Isometric-tetrahedral.  Often  in  tetrahedrons.  Twins  common:  tw.  pi.  o; 
twinning  often   repeated,  sometimes  as  polysynthetic  lamellae.     Commonly 

600.  601.  602. 


m  =  (311) 

massive  cleavable,  coarse  to  fine  granular  and  compact;  also  foliated,  sometimes 
tii»rous  and  radiated  or  plumose;  also  botryoidal  and  other  imitative  shapes. 
(Vyptocrystalline  to  amorphous,  the  latter  sometimes  as  a  powder. 

Cleavage:  dodecahedral,  highly  perfect.  Fracture  conchoidal.  Brittle. 
H.  —  :)-5-4.  G.  =  3'9-4'l;  4*063  white,  N.  J.  Luster  resinous  to  adamantine. 
<  "lor  commonly  yellow,  brown,  black;  also  red,  green  to  white,  and  when  pure 
iMarlv  colorless.  Streak  brownish  to  light  yellow  and  white.  Transparent  to 
inm>Incent.     Refractive  index  high:  tiy  =  2*3692  Na. 

Comp,— Zinc  sulphide,  ZnS  =  Sulphur  33,  zinc  67  =  100.  Often  containing 
iron  and  manganese,  and  sometimes  cadmium,  mercury  and  rarely  lead  and 
tin.  Also  sometimes  contains  traces  of  indium,  gallium  and  thallium;  may  be 
urtrentiforous  and  auriferous. 

Var. — 1.  Ordinary.  Containing  little  or  no  iron;  from  colorless  white  to  yellowish 
'-"•wu.  sometimes  green;  G.  =  4  0-4*1.  The  red  or  reddish-brown  transparent  crystiillized 
v.ihIs  are  sometimes  called  ruby  bhnde  or  mhy  zinc.  The  massive  cleavable  forms  are  the 
• :  )^i  common,  varying  from  coarse  to  fine  granular;  also  cryptocrystalline.  Sr7ialenbUnde 
Hierni.)  is  a  closely  compact  variety,  of  a  pale  liver-brown  color,  in  concentric  layers  with 
riniform  surface;  galena  and  marcasite  are  often  interstratified.  The  fibrous  forms  (faserige 
Zihkhh'nrU  Germ.)  are  chiefly  wurtzite.  A  soft  white  amorphous  form  of  zinc  sulphide 
(('(  urs  in  Cherokee  Co.,  Kansas. 

Z.  Ferriferous;  Marmaiiie,  Containing  10  p.  c.  or  more  of  iron:  dark  brown  to  black; 
r,  -  3  9-4-05.  The  proportion  of  FeS  to  ZnS  varies  from  1  •  5  to  1 : 2.  and  the  last  ratio  is 
Ml rf  of  the  eltristopJiite  of  Breithaupt.  a  brilliant  black  aphaWite  from  Si.  Christophe  mine, 
:ii  Brei'enbninn,  haviner  G.  =  3-91-3-ft28. 

:*.  Citdmiferoun ;  Pnbrnmit^,  PrzihramiU'.  The  amr-mt  of  cadmium  present  in  any 
&I)l):i!erite  thus  far  analyzed  is  less  than  5  per  cent. 
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Pyr,  eio.— Difficultly  fusible.  lu  the  open  tube  sulphurous  fumes,  aod  generallj  changes 
color.  B.B.  ou  charcoal,  in  R.F.,  some  varieties  give  at  first  a  reddish-brown  coating  cf 
cadmium  oxide,  and  later  a  coating  of  zhic  oxide,  which  is  yellow  while  hot  and  «hiif 
afier  cimliug.  With  cobalt  solution  the  zhic  coaling  gives  a  green  color  when  heated  it 
O.F.  Must  varieties,  after  roasting,  give  with  borax  a  reaction  for  iron.  With  soda  of 
charcoal  in  R.F.  a  stroug  green  zinc  name.  Dissolves  in  hydrochloric  acid  with  evoiuticL 
of  hydrogen  sulphide. 

DifE; — Varies  widely  in  color  and  appearance,  but  distinguished  by  the  resinous  luster  in 
all  but  deep  black  varieties;  usually  exhibits  distinct  cleivage;  much  softer  than  garnc. 
nearly  Infusible  B.B.;  yields  a  zinc  coating  ou  charcoal. 

Obs. — Occurs  venr  commonly  in  both  crystalliue  and  sedimentary  rocks,  and  as  a 
frequent  associate  ol  galena;  also  associated  with  chalcopyrite,  barite,  fluorite,  siderite. 
common  in  silver  mines.  It  often  forms  beds  of  coitsiderable  magnitude  filling  cavities  iu 
limestone. 

Some  of  the  chief  localities  for  crystallized  sphalerite  are:  Alston  Moor  in  Cumberland, 
black  variety;  Derbyshire,  St.  Agues  and  elsewhere  in  Cornwall;  Oberlahnstein  in  Ka&sau, 
Ems,  red;  Audreasberg,  yellow  aud  brown;  Keudorf  in  the  Harz,  Freiberg,  BreitenbruuD. 
and  other  localities  in  Sax<my,  black  and  brown;  Pfibram,  greeu  or  yellow,  and  Schlackcn 
wald  in  B(»hemia,  black;  Kapoik.  Hungary,  greeu  or  yellow;  Nagyag,  Transylvania.  broi^D, 
Rodna,  black;  the  Binnenthal  in  Switzerlaud,  isolated  crystals  of  great  beauty,  yellow  uy 
brown,  in  cavities  of  dolomite;  Sula  in  Sweden;  Nordmark,  bltick,  brown,  also  snow-white. 
A  beautiful  transparent  variety  yielding  lar^e  cleavage  masses  is  brought  from  Picos  de 
Europa,  Sauiauder,  Spaiu.  where  it  occurs  in  a  brown  limestone.  Fibrous  varieties  iset 
wurtzite)  are  obuiiued  at  Pribram;  Geroldseck  in  Baden;  Raibel;  also  in  Cornwall.  The 
original  marmaiite  is  from  Marmato  near  Popayau,  Italy. 

Abounds  with  the  lead  ore  of  Missouri,  Wiscousiu,  Iowa,  nnd  Illiuois.  In  N,  T&rk, 
Sullivan  Co.,  near  Wurtzboro*;  in  St.  Lawrence  Co.,  at  Mineral  Point  with  galena;  at  tie 
Aucram  lead  mine  in  Columbia  Co. ;  in  lime,  tone  at  Lockport.  In  J/a«a.,  at  the  Southamp- 
ton lead  mines.  In  N.  Uamp.,  at  the  Eaton  lead  mine;  at  Warren.  In  Maine,  at  the  Lubtc 
lead  mines,  etc.  In  Conn.,  at  Roxbury.  lu  J^.  Jer*ty,  a  white  variety  (eUwphane)  ui 
Franklin  Furnace.  In  Peim,,  at  the  Wliealley  and  Perkionien  lead  mines,  in  crystals;  ntur 
Friedensville,  Lehigh  Co.,  a  white  wax}'  var.  In  Virffi'  ta,  abundant  at  Austin's  W'A 
mines,  Wythe  Co.  In  Michigan,  at  Prince  vein.  Lake  Superior,  abuudant.  In  JUihor 
near  Rosiclare,  with  galena  and  cnlcite;  at  Marsden's  dipginirs,  near  Galena,  in  8tala<iiif^. 
with  cryst,  marrasite.  and  galena.  In  Wineonsin,  at  Mineral  Point,  in  fine  crystals.  In 
Tennessee,  at  Haysboro',  near  Nashville.  In  Missouri,  in  beautiful  crystallizations  witn 
galena,  marcasite  and  calcite  at  Joplin  and  other  points  in  the  southwestern  part  of  the  ha-aw: 
the  deposits  here  occur  in  limestoue  and  are  of  great  extent  and  value;  also  in  udjoli  ing 
parts  of  Kansas. 

Named  blende  because,  while  often  resembling  gnlena,  it  yielded  no  lead,  the  word  in 
German  meaning  blind  or  deeeimng,     Sphalrrtte  is  from  atpaXepd^,  treacherous, 

Metacinnabarite.  Mercuric  sulphide,  HgS.  In  composition  like  cinnabar,  but  ortin* 
in  black  tetrahedral  crystals;  also  massive.  G.  =  7  8.  From  the  Reddington  mine.  Lake 
county,  California,  with  cinnabar,  quartz  and  marcasite;  aUo  elsewhere  sparingly. 

Gnadalcaxarite.  Near  metacinnabarite.  but  contains  zinc  (up  to  4  p.  c).  Guadalcaznr. 
Mexico. 

Tiemaxmite.    Selenquecksilber.   Mercuric  selenide,  HgSe.   Isometric- tetrahedral.   Cmi 
monlv  massive;  compact.     G.  =  819  Utah;  8-80-8-47  Clauslhal.     Luster  metallic.     Co!  r 
8»eel-gray  to  blackish  lead-gray.     Streak  neariy  black.     Occurs  in  the  Harz;  California,  m 
the  vicinity  of  Clear  lake:  Marysvale,  Piute  Co.,  Utah. 

Onofrite.    Hg(S.Se)  with  Se  =  4-6  to  65  p.  c.     San  Onofre,  Mexico;  Marysvale.  Uuiii 

Ooloradoite.    Mercuric  telluride,  HgTe.  Massive.  Q.  =  8-6.  Color  iron-black.  Colon. i  . 

Alabandite.  Mauganblende.  Manganglanz  Germ.  Manganese  sulphide.  MnS 
Isometnc-tf^trahedral;  usuallv  ffranulnr  massive.  Cleavage:  cubic,  perfect.  G.  =  3  l>w- 
4  04.  Luster  submetallic.  Color  iron-black.  Streak  green.  Occurs  at  Na^&g,  Tmn 
sylvania:  Kaon ik,  Hun piry;  Mexico;  Peru;  crystallized  and  massive  on  Snake  River,  Sum 
mit  county,  Colorado;  Tombstone,  Arizona. 

Oldhamite.  Calcium  sulphide,  CuS.  In  pale  brown  spherules  with  cubic  cleavage  io 
the  Busti  meteorite. 
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PENTIaANDITZ!.    Eisennickelkies  Otrm, 

Isometric.  Massive^  granular.  Cleavage:  octahedral.  Fracture  uneven. 
Brittle.  H.  =  3-5-4.  6.  =  4-60.  Luster  metallic.  Color  light  bronze-yellow. 
Streak  light  bronze-brown.     Opaque.     Not  magnetic. 

Comp. — A  sulphide  of  iron  and  nickel,  (Fe,!Ni)S.  In  part,  2FeS.NiS  =  SuU 
phiir  36-0,  iron  42-0,  nickel  22-0  =  100. 

Obs. — Occurs  with  chalcopyrite  near  LillehHmmer,  Norway.  The  miueral  from  Sudbury, 
Ontario,  is  mined  extensively  for  nickel;  it  shows  distinct  octahedral  cleavage  (or  parting). 
ITit-  same  loc«ilily  also  affords  nickel iferous  pyrile  and  pyrrhotite. 

Troiliie.  Ferrous  sulphide,  FcS,  occurring  in  nodular  masses  and  in  thin  veins  in  mnny 
iron  meteorites.  G.  =  4*75-4  82.  Color  tombac-brown.  By  some  authors  regarded  tia 
identical  with  pyrrhotite  (p.  296). 

4.  Cinnabar-Wurtzite-Millerite  Group.   Bhombohedral  or  HezagonaL 

6 


Cinnabar 
CoTeUite 

•  HgS     Bhon 
CuS 

OdS        He: 
ZnS 

NiS 
NiAs 
NiSb 
Ni(Sb,A8) 
Fe.,S..,  etc. 

ibobed  ral-Trapezohedral 

1-1453 
11466 

b 
0-8109 
0-8175 

0-8194 
0-8586 

0-8701 

Oreenoekite 
Wnrteite 

lagoual-Hemimorphio 

or  0-9364 
0-9440 

HiUerite 
Niccolite 
Breithauptite 

Arite 
Pyrrhotite 

Bhombobedral 
« 

Hexagonal 

0-9883 
0-9462 
0-9915 

1-0047 

This  fourth  group  among  the  monosulphides  includes  several  subdivisions, 
as  shown  in  the  scheme  above,  and  the  relations  of  the  species  are  not  in  xA\ 
cases  perfectly  clear.  It  is  to  be  noted  that  the  sulphides  of  mercury  and  zinc^ 
already  represented  in  the  sphalerite  group,  appear  here  again. 

If,  as  suggested  by  Groth,  the  prominent  pyramids  of  wurtzite.  greenockite.  etc.,  be 
mude  pyramids  of  the  second  series  {e.g.,  x  =  1122,  instead  of  1011),  then  the  values  of  hr 
in  the  second  column  are  obtained,  which  correspond  to  millerite.  The  form  of  several  of 
these  species,  however,  is  only  imperfectly  known.  A  rhombohedral  form  for  greeuockite^ 
has  beeu  suggested. 


604. 


C2>. 


CINNABAR.    Zinnober,  Schwefelquecksilher  Oerm, 
Rhombohedral-trapezohedral.     Axis  b  =  1-1453. 

rr",  1011  A  ion  =  87"  23".  ^^3. 

M*,  4045  A  i045  =  78''  OJ'. 
cr,  0001  A  1011  =  52"  54'. 

Crystals  usually  rhombohedral  or  thick 
tabular  in  habit,  rarely  showing  trapezo- 
bedral  faces;  also  acicular  prismatic, 
[n  crystalline  incrustations,  granular, 
!nas.sive;  so:«ietime8  as  an  earthy  coating. 

Cleavage:  m  perfect.  Fracture  snb- 
}onchoidal,  uneven.  Somewliat  sectile. 
[I.  =  2-2-5.     G.  =  8'0-8-2.     Luster  adamantine,  inclining  to  metallic  when 
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dark-colored,  and  to  dull  in  friable  yarieties.  Color  cocfaineal-ced,  often 
inclining  to  brownish  red  and  lead-gray.  Streak  scarlet.  Transparent  to 
opaque.     Optically  +.     Indices:  co^  =  2854,  e^  =  3*201,  Dx.     See  Art.  366. 

Var.—l.  Ordinary:  either  (a)  cryttaUued;  {b)  tnamiu,  granular  embedded  or  coiiii>act: 
brighi  red  lo  reddiflh  brown  in  color;  (c)  earthy  and  brighi  red.  2.  Hepatic,  Of  a  liver- 
bruwTQ  color,  with  sometimes  a  brownish  streak,  occasionally  slaty  in  structure,  though 
commonly  granular  or  compact. 

Comp.— Mercuric  sulphide,  HgS  =  Sulphur  13*8,  mercury  86*2  =  100. 
Usually  impure  from  the  admixture  of  clay,  iron  oxide,  bitumen. 

Pyr.— In  the  closed  tube  alone  a  black  sublimate  of  mercuric  sulphide,  but  with  sodium 
cnrboiinte  oue  of  metallic  mercury.  Carefully  heated  in  the  open  tube  gives  sulphurous 
fumes  and  metallic  mercury,  which  condenses  m  miuute  globules  on  the  cold  walls  of  the 
tube.     B.B.  on  charcoal  wholly  volatile,  but  only  when  quite  free  from  gangue. 

Di£— Characterized  by  its  colpr  and  vermihun  streak,  high  specific  gravity  (reduced, 
however,  by  the  gangue  usually  present),  softness;  also  by  the  blowpipe  characters  (e.g.,  in 
the  closed  tube).     Resembles  some  varieties  of  hematite  and  cuprite. 

Obs.— Occurs  chiefly  In  veins  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyn'. 
It  has  been  observed  in  veins,  with  ores  of  iron.  Sometimes  occurs  in  conuectiou  with  hot 
springs  as  the  result  of  solfataric  action.  Pyrite  and  marcasite,  sulphides  of  copper,  stib- 
nite,  realgar,  gold,  etc.,  are  associated  minerals:  calcite.  quartz  or  opal,  also  barite,  fluorite, 
are  gangue  minerals;  a  bituminous  mineral  is  common. 

The  most  important  European  deposits  are  at  Almaden  in  Spain,  and  at  Idria  in  Car- 
niola,  where  it  is  usually  massive;  also  at  Bakmut  in  southern  Russia.  Crystallized  at 
Moschellandsberg  and  Wolfstein  in  the  Palatinate  and  at  the  mines  of  Mt.  Avala,  nr-ar 
Belgrade,  Servia;  at  Ripa  in  Tuscany;  in  the  Urals:  the  Nerchinsk  region  in  Transbaiknl: 
in  China;  Japan;  Mexico;  Huancavelica,  Peru;  Chili. 

In  the  U.  8.  forms  extensive  mines  in  California,  the  most  important  at  New  Almadea 
and  the  vicinity,  in  Santa  Clara  Co.;  also  at  Altoona,  Trinity  Co.;  it  is  now  forming  hy 
solfataric  action  at  Sulphur  Bank,  Cal.,  and  Steamboat  Springs,  Nevada;  also  occurs  in 
southern  Utah. 

The  name  cinnabar  is  supposed  to  come  from  India,  where  it  is  applied  to  the  red  resin, 
dnii^on's  blood.  The  native  cinnabar  of  Theophrnstus  is  true  cinnabar;  he  speaks  of  its 
affording  quicksilver.  The  Latin  name  of  cinnabar,  minium,  is  now  given  to  red  Uwi,  a 
substance  which  was  early  used  for  adulterating  cinnal>ar,  and  so  got  at  last  the  name. 

Covellite.  Kupferindig  Oerm,  Cupric  sulphide,  CuS.  Rarely  in  hexagonal  crystals. 
Commonly  massive  or  spheroidal.  G.  =  4*59.  Color  indigo-blue  or  darker.  From  Baden- 
weiler.  Baden;  Mansfeld,  Thuringia;  Vesuvius,  on  lava;  Chili,  etc. 


OREBNOOKITB. 

Hexagonal-hemimorphic. 
coating. 

Cleavage :  a  distinct,  c  imperfect.   Fracture  concboidal. 
^5,  G.  =  4-9-5'0.     Luster  adamantine 

honey-,  citron-,  or  orange-yellow, 
tween  orange-yellow  and  brick-red. 
Optically  +. 

Comp.— Cadmium    sulphide,  CdS  =  Sulphur 
cadmium  77-7  =  100. 


Rarely  in  hemimorphic    crystals;    also  as  -a 


Brittle.  H.=3-3-.y 
to  resinous.     Ci)lor 

Streak -powder  Iw- 
Nearly  transparcii  t . 


:*l>. 


Pyr.,  etc.  -In  the  closed  tube  assumes  a  carmine-red  color 
while  hot,  fading  to  the  original  yellow  on  cooling.  In  the  oi>eii 
tube  gives  sulphurous  fumes.  B.B.  on  charcoal,  either  alone  or 
with  soda,  gives  in  R.F.  a  reddish-brown  coating.  Soluble  iu 
hydrochloric  acid,  affording  hydrogen  sulphide. 

Obs.— Occurs  with  prehnite  at  Bisbopton,  Renfrewshire, 
and  elsewhere  in  Scotland.  At  Pfibram  in  Bohemia,  as  a  coating  on  splmleriie;  similari.. 
at  other  points;  so  too  in  the  U.  S.  near  Friedensville,  Pa.,  and  in  the  zinc  region  of  souih 
western  Missouri;  in  Marion  Co..  Ark.,  it  colors  smlthsonite  bright  yellow.  Not  un- 
common as  a  furnace  product. 
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Wortsite.  Zinc  sulphide.  ZnS,  like  sphalerite,  but  iu  hemimorphic  hexagonal  crystals; 
also  fibrous  and  uiasaive.  G.  =  «^*98.  Color  brownish  black.  From  a  silver- mine  near 
Oruro  iu  Bolivia;  Portugal;  Peru.  In  crystals  with  sphalerite  and  quartz  at  the  "Original 
Butte  "  mine,  Butte  City.  Montana. 

The  inassiye  fibrous  forms  of  "  Schalenblende  "  occur  at  Pribram,  Lislleard,  etc.  Other 
forms,  from  Sioiberg,  Wiesloch,  Altenberg,  are  iu  part  wurtzite,  in  part  sphalerite. 

Ertthboziivcitb  is  (Zn,Mn)S.    From  Siberia. 

BSIIjIJEtRITE.    Capillary  Pyrites.    Haarkies  Otrm, 

Rhombohedral.  Usually  in  very  slender  to  capillary  crystals,  often  in 
delicate  radiating  groups;  sometimes  inter  wo?  en  like  a  wad  of  hair.  Also  in 
columnar  tufted  coatings,  partly  semi-globular  and  radiated. 

Fracture  uneyen.  Brittle;  capillary  crystals  elastic.  H.  =  3-3*5. 
G.  =  5"3-5*65.  Luster  metallic.  Color  brass-yellow,  inclining  to  bronze- 
jellow,  with  often  a  gray  iridescent  tarnish.     Streak  ereenish  black. 

Comp.— Nickel  sulphide,  NiS  =  Sulphur  35-3,  nickel  647  =  100. 

Pyr.,  eto.^In  the  open  tube  sulphurous  fnmes.  B.B.  on  charcoal  fuses  to  a  globule. 
Wbeo  roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.F.,  becoming 
gmy  in  H.F.  from  reduced  metallic  nickel.  On  charcoal  in  R.F.  the  roasted  mineral  gives 
a  (olierent  metallic  mass,  attractable  by  the  magnet.  Most  varieties  also  show  traces  of 
top[x?r,  cnlialt,  and  iron  with  the  fluxes. 

Obs.— Occurs  commonly  in  capillary  crystals,  in  the  cavities  and  among  crystals  of  other 
m'tierals.  Foimd  nt  Joachimsthal  iu  Bohemia;  Johanngeorgenstadt;  rabram;  Ricchels- 
<iojf;  Andrea«berg;  Freiberg,  Baxony;  Cornwall. 

In  I  he  U.  S.,  at  Antwerp,  N.  Y.,  in  cavities  in  hematite;  in  Lancaster  Co.,  Pa.,  at  ihe 
Grip  mine,  in  thin  velyety  coatings  of  a  radiated  fibrous  structure.  With  calcite,  dolomite 
;in>l  fliiorite,  forming  delicate  tangled  hair-like  tufts,  in  geodes  in  limestone,  often  pene- 
ir;iihig  the  calcite  crystals,  at  8t.  Louis,  Mo. ;  similarly  near  Milwaukee,  Wis.  At  Oiiford, 
Quebec. 

Beyrichite.  NIS  like  millerite  with  also  Co,Fe.  From  Westerwald.  The  relation 
of  the  two  species  is  doubtful. 

Hauchecorkitb.  Perhaps  Ni(Bi,Sb,S).  In  tabukr  tetragonal  crystals.  H.  =  5. 
6.  =6*4.    Color  light  bronze-yellow.    From  Hamm  a.  d.  Sieg. 

NICOOUTB.     Copper  Nickel.     Eupfernickel.    Rothnickelkies  Oerm, 

Hexagonal.  Crystals  rare.  Usually  massive,  structure  nearly  impalpable; 
also  reniform,  columnar;  reticulated,  arborescent.  Fracture  uneven.  Brittle. 
IL  =  5-5-5.  G.  =  7'33-7-67.  Luster  metallic.  Color  pale  copper-red. 
Streak  pale  brownish  black.     Opaque. 

Comp. — Nickel  arsenide, NiAs  =  Arsenic  56*1, nickel 439  =  100.  Usually 
contains  a  little  iron  and  cobalt,  also  sulphur;  sometimes  part  of  the  arsenic 
is  replaced  by  antimony,  and  then  it  graduates  toward  breithauptite.  The 
intermediate  varieties  have  been  called  arite. 

Tyx. ,  etc, — In  the  closed  tube  a  faint  white  crystalline  sublimate  of  arsenic  trioxide. 
In  the  open  tube  a  sublimate  of  arsenic  trioxide.  with  a  trace  of  sulphurous  fumes,  the 
a.<^*jay  becoming  yellowish  green.  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule, 
which,  treated  with  borax  glass,  affords,  by  successive  oxidation,  reactions  for  iron,  cobalt, 
aiid  uickel;  the  antimoniuT  varieties  give  also  reactions  for  antimony.  Soluble  in  aqua 
regia. 

Oba. — Accompanies  cobalt,  silver,  and  copper  ores  in  tbe  Saxon  mines  of  Annnberg, 
Schneeberg.  etc.;  also  in  Thuringia,  Hesse,  and  Styria;  at  Allemont,  Dauphine;  i«t  the  Ko 
mines  in  Nonlmark,  Sweden:  at  Balen  in  the  fiasses  Pyrenees  (aHte)\  occasionally  in 
Cornwall;  Chili;  abundant  at  Mina  de  la  Rioja.  Oriocha,  Argentina.  In  the  U.  8.,  at 
Chatham,  Conn.,  in  gneiss;  spaiingly  at  Franklin  Furnace,  N.  J.;  Silver  Cliff.  Colorado; 
Till  Cove,  Newfoundland. 
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Breithauptite.  Antimon nickel  Oerm.  Nickel  ADtimonide,  NiSb.  Rarely  in  liexaL'o 
oal  crystals;  usually  massiye,  arborescent,  dissemioated.  Q.  =  7*54.  Color  light  copper- 
red.    From  Audreasberg  in  the  Harz. 

Magnetic  Pyrites.    Magnetkies  Oerm, 
Hexagonal.    6  =  0  8701. 

M.  0001 A 1011  =46'  a*. 

<n*,  0001 A  4041  =76*    O'. 

cy,  0001  A(200-26'8)  - 81*  30J'. 

Twins:  tw.  pi.  s,  with  vertical  axes  nearly  at  rigi  i 
angles  (Fig.  382,  p.  125).  Distinct  crystals  rare,  commonly  tabular;  al^* 
acute  pyramidal  with  faces  striated  horizontally.  Usually  massive,  with  gran 
ular  structure. 

Parting:  c,  sometimes  distinct.  Fracture  uneven  to^  subconchoida.. 
Brittle.  H.  =  3-5-4-5.  G.  =  4-58-4'64.  Luster  metallic.  '  Color  betwt^.n 
bronze -yellow  and  copper-red,  and  subject  to  speedy  tarnish.  Streak  dark 
grayish  black.  Magnetic,  but  varying  much  in  intensity;  sometimes  pos>t>>- 
ing  polarity. 

Comp. — A  sulphide  of  iron,  often  containing  also  nickel;  formula  c]i:»ll^ 
Fe,,8^,;  analyses,  however,  vary  from  Fe^S,  up  to  Fe„S,„  while  confornii!  .- 
to  the  general  formula  Fe«S„4-i.     Percentage  composition  Fe„S„  =  Sulj»i  it 
38-4,  iron  6 16  =  100;  Fe,S.  =  Sulphur  39*6,  iron  604  =  100;  Fe.S,  =  Sii. 
phur  39-2,  iron  =  60*8  =  100. 

Pyr.,  etc. — Unchanged  in  the  closed  tube.  In  the  open  tube  gives  sulphurous  funiev 
On  charcoal  in  H.F.  fuses  to  a  black  magnetic  mass;  in  O.F.  is  converted  into  red  o\l'v. 
which  with  tluxes  gives  only  an  iron  reaction  when  pure,  but  mtiny  varieties  yield  sb\\'\ 
amounts  of  nickel  and  cobalt.  Decomposed  by  hydrochloric  acid,  with  evolution  (/' 
hydrof^en  sulphide. 

DiiF.— Disiinguished  by  its  peculiar  reddish  bronze  color;  nUo  by  its  magnetic  pn>pt?r:ir- 

Obs. — Occurs  at  Kougsberg,  Modum,  etc.,  in  Norway;  Falun,  Sweden;  AudreasherL^ 
Bodeumiiis:  Breiteubrunu;  Joachimsthal,  Bohemia;  Nizhni  Tagilsk;  Minas  Geraes  iu  Bnt/i . 
in  large  tabular  crys^tals;  the  lavas  of  Vesuvius;  Cornwall. 

In  N.  America  in  Maine,  at  Standish  with  audalusite:  in  Vermont,  at  Stafford,  etc.  1:: 
JV.  Yoi%  near  Diana,  Lewis  Co.;  Orange  Co.  In  Pennsylvania,  at  the  Gap  mine.  Laucasirr 
Co..  nickeliferous.  In  Tennessee,  at  Ducktown  mines,  abundant.  In  Canada,  in  large  vein* 
at  St.  J6r6me,  Elizabethtown,  Ontario;  at  Sudbury,  etc.  This  species  is  often  mined  fi>r 
the  nickel  it  contains. 

Pyrrhotite  is  often  present  in  disseminated  particles  or  crystals  in  meteoric  stones;  tht^ 
iron  sulphide  of  meteoric  irons  is  generally  referred  to  troilite  (p.  298). 

Named  from  itvfifioTf^i,  reddish, 

C.  Intermediate  Division. 

Horbaohlte.  An  iron-nickel  sulphide,  perhaps  4Fe.St.Ni,S,.  Crystalline,  massivi'. 
Color  pinchbeck-brown  to  steel-gray.    Q.  =  4 '48.     From  Uorbach  in  the  Black  Forest. 

Polydymite.  A  nickel  sulphide,  perhaps  NIaSa.  In  octahedral  crystals;  frequt  ntly 
twinned.    G.  =4 -64-4 -81.    Color  gray.     From  GrQnau.  Westphalia. 

A  nickel  ore  from  Sudbury,  Ontario,  corresponds  to  NisFeSa,  conforming  to  the  genertl 
formula  of  polydymite;  another  Sudbury  ore  agrees  with  ;pentlandite  (p.  298),  and  sti  1 
another  is  a  nickeliferous  pyrrhotite. 

OrUnanite.  Contains  sulphur,  bismuth,  nickel,  iron ;  perhaps  a  mixture.  From 
Grtlnau. 

87chnod3niilte.  Essentially  (0o,0u)4St.  Isometric,  in  small  steel-gray  octahedrons. 
From  the  Siegen  district,  Germany. 
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Melonite.  Tellurnickel  Qerm.  A  nickel  telluride,  NiiTet.  Id  indistinct  granular 
and  foliated  particles.  Color  reddish  white,  with  metallic  luster.  From  the  Stanisliiua 
mine,  California;  probably  also  in  Boulder  Co..  Colorado. 


The  following  species  are  sometimes  regarded  as  Sulpho-salts,  namely^ 
Sulpho-ferrites^  etc. 

BORNITH.  Buntkupfererz  Oerm,  Purple  Copper  Ore.  Variegated  Copper  Ore. 
Erubeacite. 

Isometric.  Habit  cubic,  faces  often  rough  or  curved.  Twins:  tw.  pi.  o, 
often  penetration-twins.     Massive,  structure  granular  or  compact. 

Cleavage :  o  in  traces.  Fracture  small  conchoidal,  uneven.  Brittle. 
II.  =  3.  G.  =  4*9-5*4.  Luster  metallic.  Color  between  copper-red  and 
pinchbeck-brown  on  fresh  fracture,  speedily  iridescent  from  tarnish.  Streak 
pale  grayish  black.     Opaque. 

Comp.,  Tar. — A  sulphide  of  copper  and  iron,  but  varying  in  the  proportions 
of  these  metals.  The  crvstallized  miaeral  agrees  with  Cu^FeSj  =  Sulphur 
2S-1,  copper  55-5,  iron  16-4  =  100:  this  may  be  written  30u,S.Pe,S,  (Groth) 
or  Cu,S.CuS.FeS  (Rg.). 

Aufilyses  of  massive  varieties  give  from  50  to  70  p.  c.  of  copper  and  15  to  6-5  p.  c.  of 
iron.    The  variation  is  due«  iu  part  at  lefist.  to  mecbanical  admixture,  chiefly  of  chalcocite. 

Pyr.,  etc. — In  the  closed  tube  gives  a  faiut  sublimate  of  sulphur.  Iu  the  open  tube 
yielfU  sulphurous  fuin^s,  but  no  sublimate.  B.B.  on  charcoal  fuses  in  R.F.  to  ii  brittle 
lUHgDctic  trlobule.  The  roasted  mineral  gives  with  the  fluxes  the  reactions  of  iron  and 
coi)p('r,  and  with  soda  a  metallic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

Di£— Distinguished  (e.g.  from  chalcocite)  by  the  peculiar  reddish  color  on  the  fresh 
fracture  and  by  us  brilliant  tarnisii;  B.B.  becomes  strongly  magnetic. 

Obs. — Occure  with  other  copper  ores,  and  is  a  valua'Oe  ore  of  copper.  Crystalline 
varieties  are  found  in  Cornwall,  called  by  the  miners  "horse-flesh  ore."  Occurs  massive 
at  Ross  Island,  Killarney,  Ireland;  Monte  Catini,  Tuscany;  tbe  Mansfcld  district,  Ger- 
many; in  Norway.  Sweden,  Siberia.  Silesia,  and  Hungary.  It  is  the  principal  copper  ore 
HI  some  Chilian  mines:  also  common  in  Peru,  Bolivia,  ami  Mexico. 

In  the  U.  S.,  found  at  the  copper  mine  in  Bristol,  Conn.;  massive  at  Maboopeny,  near 
Wilkesbarre,  Peun.     A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Named  after  the  mineralogist  Ignatius  von  Born  (1742-1791). 

Linnseite.  A  sulphide  of  cobalt,  CoaS4  =  CoS.CotSa,  analogous  to  the  spinel  group. 
Also  contains  nickel  (var.  siegenite).  Commonly  in  octahedrons;  also  massive.  H.  =5'5. 
G.  =  4&-5.  Color  pale  steel-gray,  tarnishing  copper-red.  Occurs  at  Bastnaes,  etc.. 
Sweden;  MUsen,  near  Siegeu.  Prussia;  at  Siegen  {siegenite),  in  octahedrons.  In  the  U.  8., 
at  Mine  la  Motte,  Missouri;  Mineral  Hill.  Maryland. 

Daubreelite.  An  iron-chromium  sulphide,  FeS.CrsSs,  occurring  with  troilite  in  some 
meteoric  irons.     Color  black.    G.  =5'01. 

Cabanite.  An  iron-copper  sulphide,  perhaps  CuFe^Si  =  CuS.FeiSt.  laometric;  mas- 
sive. Color  between  bronze- and  brass-yellow.  G.  =  4*03-4' 17.  From  Barracanao,  Cuba; 
Tunaberg  and  K&fveltorp,  Sweden. 

CarroUite.  A  copper-cobalt  sulphide,  CuCosS4  =  CuS.CoiSi.  Isometric;  rarely  in 
octahedrons.  Usually  massive.  G.  =  4*85.  Color  light  steel-gray,  with  a  faint  reddish, 
hue.    From  Carroll  Co.,  Maryland,  near  Finksburg. 

OHALOOFTRITB.    Copper  Pyrites.    Yellow  Copper  Ore.    Eupferkies  Q^rm. 
Tetragonal-ephenoidal.    Axis  6  =  0'98525. 
K/,  111  A  ill  =  108*  40'.  pp,.  111  A  111  =  70*  7V.  «.  001  A  101  =  44*  84i'. 

Crystals  commonly  tetrahedral  in  aspect^  the  sphenoidal  faces  p  large, 
dull  or  oxidized;  p^  small  and   brilliant.    Sometimes  both  forms  eqaally 
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developed,  and  then  octahedral  in  form.  Twins:  (1)  tw.  pL  p  (111), 
resembling  spinel-twins  (Fig.  ;379,  p.  125);  sometimes  repeated  as  a  fiveling 
(Fig.  609).  (2)  Tw.  pi.  and  comp.-face  e  (Fig.  381,  p.  125)  often  in  repeated 
twins.  (3)  Tw.  pi.  m,  tw.  axis  c,  complementary  penetration  twins.  Often 
massive,  compact. 

Cleavage:  z  (201),  sometimes  distinct;  c,  indistinct.  Fracture  uneven. 
Brittle.  H.  =  3-5-4.  G.  =  4-l-4*3.  Luster  metallic.  Color  brass-yellow; 
often  tarnished  or  iridescent.     Streak  greenish  black.    Opaqne. 

607.  608. 


t  (201).  <  (518). 

Gomp.— A  sulphide  of  copper  and  iron,  CuFeS,  or  Ou,S.Fe,S,  =  Sulphur 
35*0,  copper  34 '5,  iron  30*5  =  100.  Analyses  often  show  variations  from  this 
formula,  often  due  to  mechanical  admixture  of  pyrite. 

Sometimes  auriferous  and  argentiferous;  also  contains  traces  of  selenium  and  thallium. 

P3rr.,  etc.— la  the  closed  tube  decrepitates,  and  gives  a  sulphur  sublimate,  in  the  o}^o 
tube  sulphurous  fumes.  On  charcoal  fuses  to  a  magnetic  globnle  ;  with  soda  the  roasted 
mineral  gives  a  globule  of  copper  containing  iron,  "nie  roasted  mineral  reacts  for  copper 
and  iron  wiiii  the  fluxes.  Dissolves  in  nitric  acid,  exceptinar  the  sulphur,  and  forms  a  given 
solution;  iimmouin  in  excess  changes  the  green  color  to  a  aeep  blue,  and  precipitates  red* 
ferric  hydroxide. 

Di£— Distinguished  fiora  pjrile  by  its  inferior  hardness  and  deeper  yellow  color. 
Resembles  ?old  when  disseminated  in  minute  grains  in  quartz,  but  differs  in  being  bnille 
and  in  having  h  black  streak;  further  it  is  soluole  in  nitric  acid. 

Obs.— A  widely  disseminated  mineral  in  metallic  veins  and  nests  in  gneiss  and  crystal- 
line schists.  hIso  in  serpentine  rocks;  often  intimately  a8.<K>ci:ited  with  pyrite.  also  with 
sidcrite.  tetrnhedrite,  etc..  sometimes  with  nickel  and  cobalt  sulphides,  pyrrhotite,  etc. 
Observed  coated  with  tetrahedrite  crystals  in  parallel  position,  also  as  a  coating  over  the 
latter. 

Clmlcopyrite  is  the  principal  ore  of  copper  at  the  Cornwall  mines;  there  associated  with 
cassiterite,  gjilena,  bornite.  chalcocite,  tetrahedrite.  sphalerite.  At  Falun,  Sweden,  it 
occurs  in  large  masses  embedded  in  gneiss.  At  Ramnielsberg,  near  Goslar  in  the  Harz, 
form«  a  bed  in  argillaceous  schist;  occurs  with  nickel  and  cobalt  ores  in  the  Kupferschiefer 
of  Mansfeld.-  The  Kurprinz  mine  at  Freiberg  affords  well-defined  crystals;  also  Hot- 
bnnsen.  Dillenburg,  Neudorf,  MUsen;  Schlackenwald  in  Bohemia.  Common  elsewhere  as 
at  Mle.  Catini  in  Tuscany;  in  New  South  Wales;  Chili,  etc. 

In  Maine,  at  the  Lubec  mines  and  elsewhere.  In  Vermont,  at  Stafford,  etc.  In  Mau..  at 
the  Southampton  lead  mines  In  Conn.,  at  Bristol.  In  Neto  York,  in  crystals  and  massive 
at  Ellenville,  Ulster  Co.  In  Pennsylvania,  at  Plienixville;  at  the  French  Creek  miues. 
Chester  Co..  with  pyrite.  magnetite,  etc.  In  Maryland^  near  Finksbuty,  Carroll  Co . 
abundant.  In  Virginia,  at  the  Phenix  copper  mines,  Fauquier  Co.,  and  the  Walton  gold 
mine,  Louisa  Co.  In  N,  Carolina,  near  Greensboro',  abundant  massive.  In  Tennessee,  30 
miles  from  Cleveland,  in  Polk  Co.     In  Missouri^  with  sphalerite  at  Joplin.  Jasper  Co. 

In  Cal.,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Norte  Co..  on 
west  side  of,  and  parallel  to,  the  chief  gold  belt;  occurring  massive  in  Calaveras  Co.,  and 
in  crystals  on  Domingo  Creek,  etc.  Abundant  in  Montana,  near  Butte,  with  bornite, 
pyrite,  etc.,  also  at  other  points,  ofti-n  argentiferous  and  auriferous.  In  Colorado,  abuudanl 
to  Gilpin,  Boulder,  Chaffee,  Gunnison  couiTties,  etc. ;  c<mimonly  associated  with  pyrite. 
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tetrahedrite,  sphalerite,  and  often  hiehly  argentiferous.  Also  mined  in  Arizona,  Utah, 
but  iu  most  cases  chiefly  for  silver  and  gold.     Grant  Co.,  New  Mexico. 

lu  Canada,  in  Perth  and  near  Sherbrooke  and  at  many  points  in  the  eastern  part  of  the 
proyince  of  Quebec;  in  the  Nipissinfi^  distr.,  Ontario,  at  various  points;  extensively  mined 
at  Sudbury;  at  the  Bruce  mines,  on  Lake  Huron;  at  Point-au-Minea  and  eliewhere  on  Lake 
Superior. 

Named  from  jcoAjco?,  brass,  and  pyrites,  by  Henckel  (1725). 


D.  Disulphfdes,  Diarsenides,  etc. 

The  disulphides,  diarsenides,  etc.,  embrace  two  distinct  gronps.  The 
prominent  metals  included  are  the  same  in  both,  viz.:  iron,  cobalt  and  nickel. 
The  groups  present,  therefore,  several  cases  of  isodimqrphism,  as  is  shown  in 
the  lists  of  species  below.  These  sulphides  are  all  relatively  hard^  H.  =  5-6; 
they  hence  strike  fire  with  a  steel,  and  this  has  given  the  familiar  name 
pyrites  applied  to  most  of  them.  The  color  varies  between  pale  brass-yellow 
and  tin- white. 

Pyrite  Group.    BS,,BAs„RSb,.     Isometric-pyritohedraL 

Pyrite  FeS.  Oersdorflte  NiS,.NiA8, 

Hauerite  MnS,  Corynite      NiS,.Ni(As,Sb), 

j  Smaltite       Go  As,;  also  (Co,Ni)A8,  TJllmannite  NiS,.NiSb,  (isometric-tetar- 

(  Chloanthite  NiAs.,  also  (Ni,Oo)AB,  SperryUte    PtAs,  [tohedral) 

Cobaltite  CoS.CoAs,  Laarite       BuS,? 


Marcasite  Group.    BS,, 

BAs,,  etc. 

Ortborbombic. 

A  :  b 

.h 

110  a  liO 

IOIaIOI 

Harcaute 

FeS, 

0-7662  :  1 

:  1-2342 

74°  55' 

116°  20* 

LSlliagite 

FeAa, 

0-6689  : 1 

:  1-2331 

67°  33' 

123°    3' 

Leucopyrite 

Fe,A8. 

Anenopyrite 

FeS,.PeA8, 

0-6773  : 1 

:  11882 

68°  13' 

120°  SB* 

Danaite 

(Fe,Co)S,.(Fe,Co)AB, 

SafBorite 

CoAs, 

KammelslMrgite 

NiAs, 

- 

Olaaoodot 

(Co,Fe)S,.(CoPe)Afl, 

.  0-6942  : 1 

:  1-1925 

69°  32' 

119°  35' 

AUoelasite 

(Oo,Fe)(A8,Bi)S 

WolfMhito 

NiS,.Ni(A8,Sb), 

The  Pyrite  Oroup  includes  besides  the  compounds  of  Fe,  Go,  Ni,  also  others 
of  the  related  metals  Mn  and  Pt.  The  crystallization  is  isometric-pyrito- 
hedral. 

The  species  of  the  Marcasite  Group  crystallize  in  the  orthorhombic 
system  with  prismatic  angles  ot  about  70°  and  110°  and  a  prominenl  macro- 
dome  of  about  60®  and  120°.  Hence  fivefold  and  sixfold  repeated  twins  are 
common  with  several  species,  in  the  one  case  the  prism  and  in  the  other  the 
macrodome  named  being  the  twinning-plane. 
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Pyrite  Group. 

PYRTTE.    Schwefelkies,  Eisenkies,  Germ.    Iron  Pyritea. 

Isometric-pyritohedral.  Cube  and  pvritohedron  e  (210)  the  common  forms, 
ilie  faces  of  both  often  with  striatious  |  edge  a/e,  due  to  oscillatory  combina- 
tion of  these  forms  and  tending  to  produce  rounded  faces;  pyritohedral  faces 
also  striated  JL  to  this  edge;  octahedron  also  common.  See  Figs.  610-617,  also 
Figs.  117-123,  pp.  44,45.  Twins:  tw.  ax  rt,  usually  penetration-twins  with 
parallel  axes  (Fig.  369,  p.  124) ;  rarely  contact-twins.  Frequently  massive,  fiue 
granular;  sometimes  subfibrous  radiated;  reniform,  globular,  stalactitic. 

Fracture  conchoidal  to  uneven.    Brittle.    H.  = 
Elba.      Luster  metallic, 

613. 


Cleavage :  a,  o  indistinct. 


6-6-5.      G.  =  4-95-510;    4967   Traversella,   5-027 
610.  611.  612. 


614. 


616. 


616. 


617. 


splendent  to  glistening.  Color  a  pale  brass-yellow,  nearly  uniform.  Streak 
greenish  black  or  brownish  black.     Opaque. 

Comp.,  Var.— Iron  disulphide,  FeS,  =  Sulphur  53*4,  iron  46*6  =  100. 

Nickel,  cobalt,  and  thallium,  and  also  copper  in  small  quantities,  sometimes  replace  part 
of  I  he  iron,  or  else  occur  as  mixtures;  selenium  is  sometimes  present  in  traces.  Gold  is 
s<»metimes  distributed  invisibly  through  it,  auriferous  pyrite  being  an  importjint  source  of 
gold.  Arsenic  is  rarely  present,  as  in  octahedral  crysiiils  from  French  Creek,  Penu.  (02 
p.  c.  As). 

Pyr.,  etc. — Tn  the  closed  tube  a  sublimate  of  sulphur  and  a  magnetic  residue.  B.B.  on 
charcoal  gives  off  sulphur,  burning  with  a  blue  flame,  leaving  a  magnetic  residue  which 
rearts  like  pyrrhotite  (p.  296).     Insoluble  in  hydrochloric,  but  decomposed  by  nitric  acid. 

Diff.— Distinguished  from  chalcopyrite  by  its  greater  hardness  and  paler  color;  in  form 
and  specific  gravity  different  from  marcasite,'  which  has  also  a  whiter  color. 

Obs.— Pyrite  occurs  abundantly  in  rocks  of  all  ages,  from  the  oldest  crystalline  to  the 
most  recent  alluvial  deposits.  It  usually  occurs  in  small  cubes,  pyriiohedrons,  or  in  more 
hifflily  modified  forms;  also  (often  with  marcasite)  in  irregular  spheroidal  nodules  and  in 
veins,  in  clay  slate,  argillaceous  sandstones,  the  coal  formation,  etc. 

Fine  crystals  have  been  found  in  some  of  the  Cornish  mines;  also  in  great  variety  with 
hematite  on  the  island  of  Elba,  and  with  magnetite  at  Traversella  and  Brosso  in  Piedmont. 
Other  localities  for  crystals  are  MUsen  near  Siegen;  Freiberg,  Saxony;  Schneeberg:  Wal- 
denstein  jn  Carinthia;  Pribram.  Bohemia;  Schemnitz,  Hungary;  Pcrsberg,  Falun,  and 
L&ngban  in  Sweden  ;  Kongsberc  in  Norway. 

In  Maine,  at  Peru,  Waterville,  etc.  In  N.  Hampsliire,  at  Unity,  mas-sive.  In  Mas*.,  nl 
Rowe,  Hawley,  massive.  In  Vermont,  at  Shoreham,  in  limestone;  Hartford.  In  C^nn..  Rt 
Roxbury,  finely  crystallized.  In  N.  Tork,  at  Rossie,  fine  crystals;  ni  Schoharie:  at  Chester, 
Warren  Co.;  in  Orange  Co.,  at  Warwick;  massive  in  Franklin,  Putnam,  and  Omnge  Cos., 
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etc.  Id  Pennsylvania,  at  Chester,  Delaware  Co.;  at  Knauertown,  Chester  Co.;  at  French 
Creek  miues,  octahedrons  and  other  forms,  sometimes  tetragonal  or  orthorhombic  in  sym- 
metry; Cornwall,  Lebanon  Co.;  in  N.  Car.,  near  Greensboro',  Guilford  Co.,  in  crysials. 
lu  Colorado,  crystals  near  Central  City,  Gilpin  Co.,  and  elsewhere.  Auriferous  pyrite  is 
common  at  tiie  mines  of  Colorado,  and  many  of  those  of  California,  as  well  as  in  Virginia 
{iD(l  the  States  souih.  In  Canada,  2  miles  N.  W.  of  Brockville,  Ontario,  a  cobaltiferons 
variety. 

Lnrge  quantities  of  massive  pyrite  are  mined  at  the  Rio  Tinto  and  other  mines  in  Spain, 
i\U)  iu  Portugal.  Among  important  deposits  in  tbe  U.  S.  are  those  at  Rowe,  MasA.; 
Heiinau,  St.  Lawrence  Co.,  and  EUenville,  Ulster  Co.,  N.  Y.;  Tolersville,  Louisa  Co.,  Va.; 
Duiln-s  Paulding  Co  ,  Qa. 

The  name  pyrite  is  derived  from  xvp,  fire,  and  alludes  to  the  sparks  from  friction  ; 
liL-Dce  the  early  name  pyrites  (p.  299). 

Pyrite  readily  changes  to  an  iron  sulphate  by  oxidation,  some  sulphur  being  set  free. 
AIs4)  10  limonite  on  its  surface,  and  afterward  throughout,  by  ihe  action  of  n  solution  of 
bicarbonate  uf  lime  currying  off  the  sulphuric  acid  as  change  proceeds,  and  from  limonite 
10  red  iron  oxide. 

Hanerite.  Manganese  disulphide,  MnSa.  In  octahedral  or  pyritohedral  crystals;  also 
mns^sive.  G.  =  8*46.  Color  reddish  brown  or  brownish  black.  From  Kalinka,  Hungary; 
liaddusa,  Catania,  Sicily. 

SMAIjTITE-OHIjOANTHITB.    Speiskobalt  Oerm. 

Isometric-pyritohedral.  Commonly  massive;  in  reticulated  and  other 
imitative  shapes. 

Cleavage:  o  distinct;* a  in  traces.  Fracture  granular  and  uneven.  Brittle. 
H.  =  5-5-6.  G.  =  6*4  to  6*6.  Luster  metallic.  Color  tin-white,  inclining, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish  black.     Opaque. 

Comp. — Smaltitb  is  essentially  cobalt  diarsenide,  CoAs,  =  Arsenic  71*8, 
cobalt  28-2  =  100.  Chloanthitb  is  nickel  diarsenide,  NiAs,  =  Arsenic  71-9, 
nickel  281  =  100. 

Cobalt  and  nickel  are  usually  both  present,  and  thus  these  two  species  graduate  into  each 
other,  and  no  sharp  line  can  De  drawn  between  them.  Iron  is  also  present  in  varying 
r.niount;  the  variety  of  chloanthite  containing  much  iron  has  been  called  chailuitnite.  Further 
sulphur  is  usually  present,  but  only  in  small  quantities.  Many  analyses  do  not  conform 
even  approximately  to  the  formula  RAsa,  the  ratio  rising  from  lesalhan  1 : 2  to  1 :  2*5  and 
nearly  1 : 3,  thus  showing  a  tendency  toward  skutterudite  (RAss),  i)erhap8  due  to  either 
molecular  or  mechanical  mixture. 

Much  that  has  been  called  smaltite  (speiskobalt)  is  shown  by  the  high  specific  gravity  to 
belong  to  the  orthorhombic  species  safflorite. 

Pyr.,  etc. — In  the  closed  tube  gives  n  sublimate  of  metallic  arsenic;  in  the  open  tube  a 
white  sublimate  of  arsenic  trioxide,  and  sometimes  traces  of  sulphur  dioxide.  B  B.  on 
charcoal  gives  an  arsenical  odor,  and  fuses  to  a  globule,  which,  treated  with  successive 
portions  of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickel. 

Obi. — Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  ores  of  silver 
and  copper;  also,  in  some  instances,  with  niccolite  and  arsenopyrite.  Found  at  the  Saxon 
mines;  Joachimsthal,  Bohemia;  Wheal  Sparnon,  Cornwall;  Riechelsdorf,  Hesse;  Tunaberg, 
Sweden;  Allemont,  Dauphine.  In  the  U.  8.,  at  Chatham.  Conn.,  the  chaihamiie  occut^  in 
mica  slate,  with  arsenopyrite  and  niccolite;  at  Franklin  Furnace,  N.  J. 

OOBALTITB. 

Isometric-pyritohedral.  Commonly  in  cubes,  or  pyritohedrons,  or  combina- 
tions resembling  common  forms  of  pyrite.    Also  granular  massive  to  compact. 

Cleavage:  cubic,  rather  perfect.  Fracture  uneven.  Brittle.  H.  =  5-5. 
G.  =  6-6  3.  Luster  metallic.  Color  silver-white,  inclined  to  red;  also  steel- 
gray,  with  a  violet  tinge,  or  grayish  black  when  containing  much  iron.  Streak 
^^rayish  black. 

Comp. — Sulpharsenide  of  cobalt,  CoAsS*or  CoSj.CoAs,  =  Sulphur  ID'S, 
arsenic  45'2,  cobalt  35*5  =  100. 
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Iron  is  present,  and  in  the  varieiy  fgrrocobaltiie  iu  large  amount. 

P3rr.,  etc. — Unaltered  iu  the  closed  tube.  In  the  open  tube  gives  sulphurous  fumOk 
and  a  crystalline  sublimate  of  arsenic  trioxide.  B.B.  on  charcoal  gives  off  sulphur  sod 
arsenic,  and  fuses  to  a  magnetic  globule;  with  bomx  a  cobalt-bhie  color.  Soluble  in  warm 
nitric  acid,  with  the  separation  of  sulphur. 

Obs.— Occurs  at  Tunaberg  and  Uakansb5  iu  Sweden;  at  the  Nordmark  mines;  also  at 
Skutterud  in  Norway;  at  Schladming.  Styria;  Siegeu  in  Westphalia;  Botallack  mine,  Dear 
St.  Just,  in  Cornwall;  Ehetri  mines,  Kajputana,  India. 

Gkrsdorffite.  Sulpharsenide  of  nickel.  NiAsS  or  Ni8,.NiAs«.  Iron,  and  sometimes 
cobalt,  replace  more  or  less  of  the  nickel.  Isometric-pyritohedral :  usually  massive. 
H.  =  5*5.  G.  =  5  6-6-2.  Color  siWer- white  to  sieel-gray.  From  Loos,  Sweden;  the  Hare; 
Schladming,  Styria,  etc. 

Oorynite  is  near  gersdorffite,  but  contains  also  antimony.    From  Olsa,  Carinthiu. 

WiUyamlte.  CoS9.KiS«CoSb,.NiSbi.  Cleavage  cubic.  Color  tin-white  to  steel-gray. 
Broken  Hill  mines,  New  South  Wales. 

nilmannite.  Sulphantlmonide  of  nickel,  NiSbS  or  KiSs.KiSbi ;  arsenic  is  usually 
present  in  small  amount.  Isometric-tetartohedral ;  both  pyritohedral  »nd  tetrahedral  forms 
occur  (see  Figs.  146,  147.  p.  51).  Usually  massive,  gnmular.  H.  =  5-5*5.  G.  =  6-^6*7. 
Color  steel-gray  to  silver-white.  Occurs  in  the  mines  of  Freusburg,  Nassau;  Siegeti, 
Prussia;  LOlllDg,  Carinthia  (tetrahedral);   Mouteuarba,  Sarrabus,  Sardinia  (pyritohedral). 

Eallh^te.  Wismutbantimonnickelglanz  Germ,  Ni(Sb,Bi)S  or  NiSs.Ni(8b.Bi)i. 
MHSsive,  color  light  bluish  gray.  From  the  Fried  rich  mine  near  SchOnstdn  a.  d.  Sieg, 
Germany. 

Sperrylite.  Platinum  diarsenide,  PtAs,.  In  minute  qjibes.  or  cubo-octahedrons. 
H.  =  6-7.  G.  =  10-602.  Luster  metallic.  Color  tin-white.  Streak  black.  Found  at  the 
Vermillion  mine,  22  miles  west  of  Sudbury,  Ontario,  Canada;  also  in  Macon  Co.. 
N.  Carolina.    This  is  the  only  known  native  compound  of  platinum. 

Ijanrite.  Sulphide  of  ruthenium  and  osmium,  probably  essentially  RuS«.  In  mfuute 
octahedrons;  in  grains.  H.  =  7 '5.  G.  =  6*99.  Luster  metallic.  Color  dark  iron* black. 
From  the  platinum  washings  of  Borneo.     Also  reported  from  Oregon. 

Skuttemdite.  Cobalt  arsenide,  CoAsa.  Isometric-pyritohedral.  Also  massive 
granular.  Cleavage:  a  distinct.  H.  =6.  G.  =  6'72-6'86.  Color  between  tin-white  and 
pale  lead-gray.    From  Skutterud,  Norway. 

NiCKKL-BKXjTTERUDiTB.  (Ni,Co,Fe)A8s.  Masslve,  granular.  Color  gray.  From  near 
Silver  City,  New  Mexico. 

BiBMTJTO-SMALTiTB.  Co(As.Bi)i.  A  skuttcrudite  conUining  bismuth.  Color  tio- 
white.    G.  s=  6  92.    Zschorlau,  near  Schneebeig. 

Marcasite  Group. 

For  the  list  of  species  and  their  relations,  see  p.  299, 

M AROASTTB.    White  iron  pyrites. 
Orthorhombic    Axes  d:h:6  =  0-7662  :  1  :  1-2342. 

mm'",  110  A  110  =    74'  66'.  U\  Oil  a  Oil  =  101*  f». 

e^,       101  A  101  =  116*  20'.  «,  001  a  HI  =    68*46'. 

Twins:  tw.  pi.  m  (Pig.  619),  sometiraes  in  stellate  fivelings  (Fig.  406,  p. 
128,  cf.  Fig.  620);  also  tw.  pi.  e  (101),  less  common  the  crystals  crossing  at 
angles  of  nearly  60**.  Crystals  commonly  tabular  |  c,  also  pyramidal;  the 
brachydomes  striated  |  edge  b/c.  Often  massive;  in  stalactites;  also  globular, 
reniform,  and  other  imitative  shapes. 

Cleavage:  m  rather  distinct;  /  (Oil)  in  traces.  Fracture  uneven.  Brittle. 
H.  =  6-6-5.  G.  =  4-85-4-90.  Luster  metallic.  Color  pale  bronze-yellow, 
deepening  on  exposure.     Streak  grayish  or  brownish  black.     Opaque. 

Comp.— Iron  disulphide,  like  pyrite,  FeS,  =  Sulphur  53*4,  iron  46*6  =  100. 
Arsenic  is  sometimes  present  in  small  amount. 
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Var. — The  varieties  named  depend  mainly  on  state  of  cr3'.«tallization.  PndiaUd 
[Strahlkies  Germ.):  Radiated;  also  the  simple  crystals.  Cockscomb  F.  {Kammkies  Genu.): 
Aggregalious  of  fattened  twin  crystals  lu  crest-like  forms,  ^ar  P  {Spe&rkies  Germ.): 
Twiu  crystals,  with  re-euiering  nugles  a  little  like  the  head  of  a  spear  in  form.  tapUla^ 
(Haarkiis  Germ.):  In  capillary  crystallizations. 

Pyr.,  etc. — Like  pyrite.     Very  liable  to  decompositiou,  more  so  than  pyrite. 

Difi.— Resembles  pyrite,  but  bos  u  lower  specitic  gravity,  and  the  color  when  fresh  (e.g, 
after  treatment  with  acid)  is  paler;  when  cryslnllized  easily  distinguished  by  the  forms. 
More  subject  to  tarnish  and  tinal  decomposition  than  pyrite. 

Obs.— Occurs  ubuudantlv  at  Littmitz  and  Altsattell.  near  Carlsbad  in  Bohemia;  also  at 
Joachimsthal,  Bohemia,  and  in  Saxony  and  the  Harz.  Occurs  with  galena  and  fluorite  in 
Derbyshire;  in  chalk-marl  between  Folkestone  and  Dover;  near  Alston  Moor,  Cumberland; 

618.  619.  620. 


Common  Form. 


Folkestone. 


8chemnitz.  Hungary.  At  Warwick,  N.  T.,  in  crystals;  massive  at  Cummington,  Mass.. 
and  at  Lane's  mine,  Monroe.  Conn.;  at  Galena,  111.,  in  stalactites  with  concentric  layers  of 
sphalerite  and  galena;  Mineral  Point,  Wis.,  in  fine  crystals;  on  sphalerite  at  Joplin,  Mo. 

The  word  marcctHU,  of  Ambic  or  Moorish  origin  (and  variously  used  by  old  writers,  for 
bismuth,  antimony),  was  the  name  of  common  crystallized  pyrite  among  miners  and 
mineralogists  in  later  ceuturies,  until  near  the  close  of  the  last.  It  was  lirst  given  to  this 
species  by  Haidinger  in  1845. 

Ijollinglte.  Essentially  iron  diarsenide,  FeAsa,  but  passing  into  Fe3As4  (leucopyHte): 
also  tending  toward  arsenopyrite  (FeAsS)  and  sufflorite  (CoAs^).  Bismuth  and  antimony 
are  sometimes  present.  Usually  massive.  H.  =  5-5-5.  G.  =  70-7-4  chiefly,  also  6-8. 
Luster  metallic.  Color  between  silver-white  and  steel-gray.  Streak  grayish  black. 
Occurs  iu  the  LOlling-Hattenberg  district  in  Carinthia;  with  niccolite  at  Schladming,  etc. 
In  the  U.  S.,  I5]lingite  occurs  in  Gunnison  Co.,  Colorado,  etc. 

Geybritb  is  near  lOllingite,  but  contains  sulphur;  from  Geyer,  Saxony. 

ARSBNOPTRITB,  or  Mispickbl.     Arsenkies  Oerm, 
Orthorhombic.    Axes  &:l:6=i  0-6773  :  1  :  1-1882. 

mm"\  110  A  liO  =    68'  13'. 

^\       101  A  iOl  =  120'  88'. 

uu',     014  A  014  =    88"    5'. 

nn',     012  A  012  =    6r  26'. 

^,      Oil  A  Oil  =    99"  50'. 

Twins:  tw.  pi.  m,  sometimes  re- 
peated like  marcasite  (Fig.  407,  p.  128); 
e  (101)  cruciform  twins,  also  trillings 
(Figs.  402,  403,  p..  1-28).  Crystals  pris- 
matic tn,  or  flattened  vertically  by  the 
oscillatory  combination  of  brachydomes. 
Also  columnar,  straight,  and  divergent; 
granular,  or  compact. 

Cleavage:  m  rather  distinct;  c  in  faint  traces. 


621. 


623. 


Fracture  uneven.     Brittle, 


^y 
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H.  =  5'5-6.     G.  =  5-9-6*2.      Luster  metallic.     Color  silver- white,  inclining 
to  steel-gray.     Streak  dark  grayish  black.     Opaque. 

Comp.,  Tar.— Sulpharsenide  of  iron,  FeAsS  or  FeS,.FeAs,  =  Arsenic  460, 
sulphur  19*7,  iron  34*3  =  100.  Part  of  the  iron  is  sometimes  replaced  by 
oobalt,  as  in  the  variety  danaite  (3  to  9  p.  c.  Co). 

Tyr..  etc.— In  the  closed  tube  at  first  gives  a  red  sublimate  of  ai-senic  trisulphide,  then 
ti  black  lustrous  sublimate  of  metallic  arsenic.  In  the  open  tube  gives  sulphurous  fumes 
«ud  a  white  sublimate  of  arsenic  triozide.  B.B.  on  charcoal  gives  arsenical  fumes  and  a 
inuguetic  globule.  The  varieties  containing  cobalt  g:ive,  after  the  arsenic  has  been  roasted 
^>ff,  a  blue  color  with  boi-ax-^lass  when  fus^  in  O.F.  with  successive  portions  of  flux  uniil 
all  the  iron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor.  Decomposed 
by  nitric  acid  with  the  separation  of  sulphur. 

Diff.~ Characterized  by  its  hardness  and  tin-white  color;  closely  resembles  some  of  the 
sulphides  and  arsenides  of  cobalt  and  nickel,  but  identified,  in  most  cases  easily,  by  its 
blowpipe  characters.     LOlIiu^te  does  not  give  a  decided  sulphur  reaction. 

Oba.^Found  principally  m  crystalline  rocks,  its  usual  mineral  associates  being  ores  of 
silver,  lead,  and  tin,  also  pyrite,  chalcopyrite,  and  sphalerite.  Abundant  at  Freiberg,  etc.. 
in  Saxony;  Reicheustein,  Silesia,  in  serpentine:  in  beds  at  Breitenbrunn,  Andreaslerg. 
Joacbimsthal;  Tunaber^.  Sweden;  Skutierud,  Norway;  at  several  points  in  Ck>mwa}l. 

In  the  U.  S.,  in  iV.  Hampshire,  in  gneiss,  at  Francouia  {danaite).  In  Maine,  at  Blue 
Hill,  etc.  In  Conn.,  at  Chatham;  at  Mine  Hill.  Boxbury,  with  siderite.  In  N.  York. 
massive,  iu  Lewis,  Essex  Co.,  with  hornblende;  near  Edenville,  and  elsewhere  in  Ornnge 
Co.  In  California,  Nevada  Co.,  Grass  valley.  In  crystals  at  St.  FraD9oi9,  Beauce  Co  . 
<)uebec;  large  beds  occur  in  quartz  ore  veins  at  Deloro,  Hastings  Co  ,  Ontario,  where  it  is 
mined  for  gold. 

The  name  mispickel  is  an  old  German  term  of  doubtf\il  origin.  Danaite  is  from 
J.  Freeman  Dana  of  Boston  (179&-1827),  who  made  known  the  Franconia  locality. 

Safflorite.  Like  sraaltite,  essentially  cobalt  diarsenide,  CoAsa.  Form  near  tha'  cf 
arsenopyrite.  Usually  massive.  H.  =  4-Bk6.  Q.  =  6'9-7'3.  Color  tin-white,  soon  lai- 
nishing.    From  Schneeberg,  Saxony;  Bieber,  Hesse;  Witticlien,  Baden;  Tunaberg,  Sweden. 

Rammelsbergite.  Essentially  nickel  diarsenide,  NiAs«,  like  chloantbite.  Crystals 
resembling  arsenopyrite;  also  massive.  G.  =  6d~7-2.  Color  tin-white  with  tinge  of  ral 
Occura  at  Schneeberg  and  at  Biechelsdoi-f. 

Olaucodot.  Sulpharsenide  of  cobalt  and  iron.  (Co,Fe)AsS.  In  orthorhombic  crysiuis 
<axe8,  etc.,  p.  299).  Also  massive.  H  =5.  G.  =  5-90-601.  L\ister  metallic.  Color 
grayi.sh  tin-white.  Occurs  in  the  province  of  Huasco,  Chili;  at  HakausbO,  Sweden. 
Named  from  yXavKoi,  blue,  because  used  for  making  smalt. 

Alloclasite.  Probably  essentially  Co^As.Bi)S  with  cobalt  in  part  replaced  by  iron;  or 
a  glaucodot  containing  bismuth.  Commonly  in  columnar  to  hemispherical  aggregates. 
H.  =  4*5.     G.  =  66.     Color  steel-gray.    From  Orawiiza. 

Wolfaohite.  Probably  Ni(A8,Sb)S,  near  oorynite.  In  small  crvstals  resembling 
arsenopyrite;  also  columnar  radiated.  H.  =  4*6-6.  G.  =6'873.  Color  silver- white  to 
tin-white.    From  Wolfach,  Baden. 


The  following  species  are  tellurides  of  gold,  silver,  etc. 

SYIiVANITE.    Graphic  Tellurium.     Schrift-Tellur  Qerm. 

MonoclinJc.  a\li6-  1-6339  :  1  : 1-1265;  /?  =  89**  35'.  Often  in  branch- 
ing arborescent  forms  resembling  written  characters;  also  bladed  and  imper- 
fectly columnar  to  granular. 

Cleavage:  b  perfect.  Fracture  uneven.  Brittle.  H.  =  1-5-2.  G.  =  7*9- 
8-3.  Luster  metallic,  brilliant.  Color  and  streak  pure  steel-gray  to  silver- 
white,  inclining  to  vellow. 

Comp.— Teiluride  of  gold  and  silver  (Au,Ag)Te,  with  Au  :  Ag  =  1  :  1; 
this  requires:  Tellurium  62*1,  gold  24*5,  silver  13*4  =  100. 


SULPHIDES^   SELEKIDES^   TELLUBIDES,  ARSENIDES^   ANTIHOKIDES.        305 

Pyr.,  etc.— lu  the  opeo  tube  ^ves  a  white  sublimate  of  tellurium  dioxide  which  near 
the  asaaj  is  gvsj;  when  treated  with  the  blowpipe  tiame  the  sublimate  fuses  to  clear  traus- 
pareDt  drops.  B.B.  ou  charcoal  fuses  to  a  dark  gray  globule,  covering  the  coal  with  a 
M'hite  coating,  which  treated  in  R.F.  disappears,  giving  a  bluish-green  color  to  the  Uame; 
after  long  blowing  a  yellow,  malleable  metallic  globule  is  obtained.  Most  varielies  give  u 
faiut  coating  of  lead  oxide  and  antimony  oxide  ou  charcoal. 

Obs — With  gold,  at  Offeub^nya,  Transylvania;  also  at  Nagy&g.  In  California,  Cala- 
vents  Co.,  at  the  Melones  and  Stauittlaus  mines.  In  Boulder  Co.,  and  elsewhere  iu  Colorado. 
Nitmed  from  Transylvania,  where  first  found,  and  in  allusion  to  tylvamumt  one  of  the 
names  at  first  proposed  for  the  metal  tellurium. 

Erennerite.  A  tellurlde  of  gold  and  silver  (Au,Ag)Te«  like  sylvan ite.  In  prismatic 
crystals  (orthorhombic),  vertically  striated.  G.  =  8'S53.  Color  silver-white  to  brass- 
yellow.     From  Nagy6g,  Transylvania;  Cripple  Creek  Colorado. 

Calavxrite.  a  gold-silver  telluride.  Like  sylvanite  (Au,Ag)Tei  with  Au  :  Ag  = 
6:  1  or  7  : 1.  Massive.  H.  =  2'5.  G.  =  9  048.  Color  pale  bronze-yellow.  Occurs  with 
petzite  at  the  Stanislaus  mine,  Calaveras  county,  California.  Also  at  the  Red  Cloud  and 
otber  miiie»,  Colorado. 

Calaverite  has  the  same  general  formula  as  sylvanite  but  a  much  higher  percentage  of 
gold,  and  may  belong  with  it;  or,  as  seems  probable,  krennerite  may  oe  the  crystallized 
form  of  calaverite. 

Nagyagite.  A  sulpho- telluride  of  lead  and  geld ;  containing  also  about  7  p.  c. 
f)f  antimony.  Orthorhombic.  Crystals  tabular  1 5 ;  also  granular  massive,  foliated, 
(.'leavage:  b  perfect;  flexible.  H.  =  1-1  6.  G.  =  6-86-7'2.  Xiuster  metallic,  splendent. 
Streak  and  color  blackish  lead>gray.  Opaque.  From  Nagy&g,  Transylvania;  and  at 
Offeab&nya.    Reported  from  Colorado. 

Oxysulphides* 

Here  are  included  Kermesite,  Sb^S^O,  and  Voltzite,  Zn^S^O. 

Eermesite.  Antimonblende,  Rothspiessglanzerz  0»rm.  Pyrostibite.  Antimony  oxy- 
snlphide.  SbsSaO  or  2Sbi8i.8b«0«.  Monoclinic.  Usually  in  tufts  of  capillary  crystals. 
Cleavage:  a  perfect.     H.  =1-1-5,     G.  =4  5-4*6.     Luster  adamantine.     Color  cherry-red. 

Results  from  the  alteration  of  stibnite.  Occurs  at  Malaczka,  Hungary;  Braunsdorf, 
vSaxony;  Allemont,  Dauphine.  At  South  Hum.  Wolfe  Co.,  Quebec,  Canadu:  with  native 
uniimouy  and  stibnite  at  the  Prince  William  mine,  York  Co.,  New  Brunswick. 

Named  from  kermet,  a  name  given  (from  the  Persian  qurmitg,  crimson)  in  the  older 
chemistry  to  red  amorphous  antimony  trisiilphide.  often  mixed  with  antimony  trioxide. 

Voltzite.  Zinc  oxysulphide.  ZntSiO  or  4ZnS.ZnO.  In  implanted  spherical  globules; 
H.  =4-1-5.  G.  =  8 '6^-8 -80.  Color  dirty  rose-r^d,  yellowish.  Occurs  at  Ilosl^res,  Puy 
d<j  Dome;  Joachimsthal;  Marienberg,  Saxony  {leberbUmde}, 
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m.  STJI^FHO-SAIiTS. 

L  Solphargenites,  Sulphantimonites,  SulphobifmatUteR 
n.  Snlphargenates,  Snlphostannateg,  etc. 


I.  Snlpharsenites,  Snlphantimonites,  etc. 

In  these  sulpho-salts,  as  farther  explained  on  p.  248,  snlphnr  takes  the 
place  of  the  oxygen  in  the  commoner  and  hotter  understood  oxygen-acids  (as 
ci»rbonic  acid,  H,00„  sulphuric  acid,  H^SO^,  phosphoric  acid,  H,rO^,  etc.). 

The  species  included  are  salts  of  the  sulpho-acids  of  trivaleut  arsenic^ 
aniimony  and  bismuth.  The  most  important  acids  are  the  ortho-acids, 
HjAsci,,  etc.,  and  the  meta-acids,  H,AsS„  etc. ;  but  H^As,S^,  etc.,  and  a  series 
of  others  are  included.  The  metals  present  as  bases  are  chiefly  copper,  ailver, 
lead;  also  zinc,  mercury,  iron,'TSJce\y  others  (as  Ni,  Co)  in  small  amount.  In 
Tiew  of  the  hypothetical  character  of  many  of  the  acids  whose  salts  are  here 
represented,  there  is  a  certain  advantage,  for  the  sake  of  comparison,  in  writing 
the  composition  after  the  dualistic  method,  RS.As,S„  2RS.As,S„  etc. 

As  a  large  part  of  the  fifty  species  here  included  are  rare  and  hence  to  be 
mentioned  but  briefly,  the  classification  can  be  only  partially  developed.  The 
divisions  under  the  first  and  more  important  section  of  sulpbarsenites,  etc., 
with  the  prominent  species  under  each,  are  as  follows: 


A.  Acidic  Division. 

B.  Meta-  Division. 

General  formula: 


ES  :  (As,Sb,Bi),S.  =  1  :  2,  2  :  3,  3  :  4,  4  :  5. 

RS :  (As,Sb,Bi),S,  =  1:1. 
RAs,S„RSb,S„RBi,S,, 


Zinkenite 
Sartorita 
Also 
Miargyrite 


Zinkenite  Group. 

PbS.Sb,S,  Emplectite 

PbS.As,S. 


Ag.S.SbA 


Chaloosttbita 
Lorandite 


On,S.Bi.S, 
Cu,S.Sb,S„  etc 

T1,S.A8.S, 


C.  Intermediate  Division. 

Here  belong 


RS  :  (As,Sb,Bi).S.  =  5  :  4,  3  :  2,  2  :  1,  5  :  2. 


Plagionite 

Schirmerite 
Blnnite 


Jamesonite 
Sofrenoysite 


5PbS.4Sb,S.. 

8(Ag.,Pb)S.2Bi.S. 
3Cu.S.2A8,S. 


Klaprotholite 
Warrenita 


Jamesonite  Group. 

2PbS.Sb.S.  Coialite 

2PbS.A8,S. 


Also  Freieslebenite  5(Ag„Pb)S.2Sb,S,  Boulangerite 


30u,S.2Bi,S.,  eta 
3PbS.2Sb,S, 


2PbS.Bi,S„  etc 

5PbS.2S.S, 
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D.  Ortho-  Division.  RS  :  (A8,Sb,Bi) .S.  =  3:1. 

General  formula:  R,AsS«3.SbS,;    B,A8.S^B.Sb,S^  eta 

Bournonite  Group. 

lonmonita  3(Ga„Pb)S.Sb,S.  WiUichenita  3Gu,S.  Bi,S. 

Aikinite  3(Pb,Gu,)S.B],S.  LiUianita  3PbS.Bi,S.,  etc 

Pyrargyrite  Group. 

Pyrargnrrita  3Ag,S.Sb,S,  Pronrtite  3Ag,S.AB,S, 

E.  Basic  Division.        BS  :  (A8,Sb,Bi),S,  =  4  : 1, 6  ;  1, 6  : 1,  9 : 1, 18 :  L 

Tetrahedrite  Group. 

Tetrahedxite  40n,S.Sb,S,  Tennantita  4Ga,S.A8,S, 

Jordanite  Group. 
Jordanite  4PbS.A6,S,  Xeneghinite  4PbS.Sb,S, 

Also 
Geocroniie  5PbS.Sb,S.  Stephanita  5Ag,S.Sb,S, 

KUbrickenita  6PbS.Sb,S.  Beogerite  6PbS.Bi,S, 

Polybasite  Group. 

Polybasite  9Ag,S.Sb.S.  Pearoeite  9Ag,S.A8,S, 

Polyargyrita  12Ag,S.Sb,S, 


A.  Acidic  Division. 

Livingstonite.  HgS.2Sb,6,.  Resembles  stibnite  in  fonn.  Color  lead-gray;  streak 
red.    H  =  3     G.  =  4*81.    From  Huitzuco.  Mexico. 

Ohiviatite     2PbS.8BI,8,.    Foliated  massive.     Color  lead-gray.     Prom  Chiviato,  Peru. 

Cuprobismatite.  Probibly  8Cu,S.4BitSs.  i»  part  argentiferous.  Resembles  bismuth- 
iuiie.     G.  =  6-3-6'7.    From  Hall  valley,  Park  Co.,  Colorado. 

Re«ban3rite.  4PbS.5Bi,Sg.  Fine-granular,  massive.  Color  lead-gray.  G.  =6*l-6'4 
From  Rezbanya,  Hungary. 


B.  Meta-  Division.    RS.As.S.,  ES.Sb.S.,  etc. 

Zinkenite  Group.     Orthorhombic. 

ZINHBNITZI.    Bleiantimonglanz  Germ.    Zinckenlte. 

Orthorhombic.  Axes  d:h:  i-=  0-5575  :  1  :  0-6353.  Crystals  seldom  dis- 
tinct;  sometimes  in  nearly  hexagonal  forms  through  twinning.  Lateral  faces 
longitudinally  striated.    Also  columnar,  fibrous,  massive. 

Cleavage  not  distinct.  Fracture  slightly  uneven.  H,  =  3-35.  G.  =  5'30- 
5*35.     Lnster  metallic.    Color  and  streak  steel-gray.    Opaque. 
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Comp — PbSb,S,  or  PbS.Sb,S.  =  Sulphur  22-3,  antimony  41-8,  lead  35'9  = 
100.    Arsenic  sometimes  replaces  part  of  the  antimony. 

Pyr.,  etc. — Decrepitates  aud  fuses  very  easily;  in  tbe  closed  tube  gives  a  faint  6ub]i- 
mate  of  sulpliur,  and  autimonv  trisulphide.  In  the  open  tube  sulpburous  fumes  and  & 
iMriiite  sublimate  of  oxide  of  antimony;  tbe  arsenical  variety  gives  also  arsenical  fumes.  Od 
charcoal  is  almost  entirely  volatilized,  giving  a  coating  whicb  on  tbe  outer  edge  is  wbiie. 
and  near  the  assay  dark  yellow;  with  soda  iu  R.F.  yields  globules  of  lead.  Soluble  iu  hot 
bydrocbloric  acid  with  evolution  of  bydrogen  sulphide  and  separation  of  lead  chloride  on 
cooling. 

Obs.^Occurs  at  Wolfsberg  in  the  Harz;  Einzigthal,  Baden;  Sevier  County.  ArksoKis: 
Sau  Juan  Co.,  Colorado. 

Andorite.  Ags8.2PbS.8Sb«S>.  Iu  prismatic,  orthorbombic  crystals.  Color  dark  gray 
to  black.    From  FelsObduya.     Webnerite  und  Sundiiie  belong  bere. 

Sartorite.  Skleroklas  Gertn.  FbS  As,S,.  In  slender,  striated  crystals.  G.  =  5  393. 
Color  dark  lead-gray.    Occurs  in  tbe  dolomite  of  tbe  Binnentbal. 

Emplectite.  Kupferwismuthglanz  Oerm,  CuaS.BifSs.  In  tbin  striated  prisms. 
Q.  =  6'&~6'5.  Color  grayish  white  to  tin-white.  Occui-s  in  quartz  at  Scbwarzeuberg  aiui 
Annaberg,  Saxony. 

Ohalcostibite.  Wolfsbergite.  Kupferanlimonglanz  (7«m.  Cu,S  Sb,8,.  In  small  aggre- 
gated prisms;  also  fine  granular,  massive.  G.  =  4-75-5-0.  Color  between  lead-gray  ami 
iron-gray.     From  Wolfsberg  in  the  Harz.     Qtujaiite  from  Spain  is  the  same  species. 

Qalenobismutite.  PbS.Bi,8,:  also  witb  Ac.Cn.  CiysUilliiie  columuar  to  coni]^acL 
Color  lend-gruy  lo  liii-whiie.  G.  =  6-9.  From  Noidmark,  Swedeu;  Pougbkec-psie  Gulch. 
Colorado  ialaskaite,  argentiferous);  Falun,  Sweden  (selenilirous). 

Berthierite.  Probablv  FeSSb  S..  Fibnms  massive,  granular.  G.  =  4*0.  Color  dark 
steel-gray.    From  Cliazelles  and  Marlouret,  Auveigne;  Braunsdorf,  Saxony,  etc 

Matildite.  A£r«S.Bi,8i.  Id  slender,  prismatic  crystals.  G.  =  6*9  Color  gray. 
From  Morochoca,  Pern;  Lake  City,  Colorado.  Plenakgtritb,  from  Schapbacb.  Badti , 
bas  probably  the  same  composition  and  may  he  identical. 

Miargyrite.  Ag,S.Sb,8i.  In  complex  n.onocliuic  crystals,  also  massive.  H.  =  2-*J  '». 
G.  =  51-5  30.  Luster  melallic-adamuuline.  C(»lor  iron-black  to  steel-gray,  in  tbin  ^>  m. 
tsrs  deep  blood- red  Stresvk  cherry-red.  Fiom  Braunsdorf,  Saxony;  FelsObanya;  Pribuu.. 
Boliemia;  Claustbal,  etc. 

Lorandite.  A  sulpharsenide  of  thallium.  TlAsS,.  Monoclinic.  Color  cochineal -red. 
From  Allcbar,  Macedonia. 


C.  Intermediate  Division. 


Plagionlte.  Perhaps  5PbS.4Sb,S«.  Crystals  thick  tabular,  monoclinic;  also  massive, 
granular  to  compact.     G.  =  5-4.     Color  blackish  lead-gray.    From  Wolfsberg,  etc 

Schlrmerite.  3(Ae„Pb)8.2Bi,S«.  Massive,  granular.  G.  =  6-74.  Color  lead-gray. 
Treasury  lode,  Park  Co.,  Colorado. 

KlaprothoUte.  SCu^S  BI,S..  In  furrowed  prismatic  crystals.  G.  =  4*6.  Color  sietl 
gray.     Witticben,  Baden. 

Binnite.  Perhaps  3Cu,8.2Ab,S8  Isometric- tetrabedral;  also  massive.  Q.  =  4'4:t. 
Color  dark  steel-gray  to  iron-black.     From  the  dolomite  of  Ae  Binnenthal. 

Warrenite.  Domingite.  8PS.2Sb,8..  In  wool-like  aggregates  of  acicular  crysuls. 
Color  grayish  black.    Gunnison  Co.,  Colorado. 

Jamesouite  Group.      2RS.A8,S.,  2RS  Sb,S.,  etc.      Orthorhombia      Pris- 
matic angle  about  80'^. 

JAMESONITI]. 

Orthorhombic.  Axes:  df :  J  =  0-8915  : 1.  mm'''  =  IS""  40'.  In  acicular 
crystals;  common  in  capillary  forms;  also  fibrous  massive,  parallel  or  divergem; 
compact  massive.  , 
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Cleavi^e:  basal,  perfect;  ft,  m  less  so.  Fracture  nneven  to  conchoidal. 
Brittle.  H.  =  2-3.  G.  =  5*5-0'0.  Luster  metallic.  Color  steel-gray  to  dark 
lead-gray.     Streak  grayish  black.     Opaque. 

Comp.— Pb,Sb,S,  or 2PbS.Sb,S,  =  Sulphur  19-7, antimony  295, lead  50'8  = 
100.  Most  varieties  show  a  little  iron  (1  to  3  p.  c),  and  some  contain  also 
silver,  copper,  and  zinc. 

Pyr. — Same  as  for  zinkeiiite,  p.  807. 

Obs. — Occurs  priucipally  in  CofdwhII ;  also  Id  Siberia;  Hungary;  at  YaleDtiad'AlcftDtant 
in  Spain;  at  the  antimony  mines  in  Sevier  Co.,  Arkansas.  Named  after  Prof.  Robert 
Jameson  of  Edinburgh  (1774-1864). 

The  feather  are  (Federera  Oerm,)  occurs  at  Wolfsberg,  etc.,  to  the  Harz;  Freiberg. 
Schemnitz;  in  Tuscany,  near  Bottino. 

Dofrenoysite.  2PbS.AstiSs.  In  highly  modified  orthorhombic  crystals;  also  massive. 
Cleavage:  e  perfect.  H.  =:  3.  G.  =  5'55-5'57.  Color  blackish  lead-gray.  From  the  Bin- 
nentbaT,  Switzerland,  in  dolomite. 

Rathite.     a  sulpharsenite  of  lead  resembling  dufrenoysite.    From  the  Binnenthal. 

Oosalite.  2PbS.Bi,Si.  Usually  massive,  fibrous  or  radiated.  G.  =  6-39-6-75.  Color 
lead-  or  steel-gray.  Cosala,  Province  of  Sinaloa,  Mexico;  Bjelke  mine  {bjelkite),  Nord- 
marls,  Sweden;  Colorado. 


Eobellite.  2Pb8.(Bl.Sb),S..  Fibrous  radiated  or  granular  massive.  G.  =  63.  Color 
leaii-gray  to  steel-gray.     From  Hvena,  Sweden;  Ouniy,  Colorado. 

Brongniardite.  PbS.  AgsS.SbaSs.  In  isometric  octahedrons  and  massive.  G.  =  5*950. 
Color  grayish  black.     From  Mexico. 

Semaeyite.  Near  jamesouite,  perhaps  TPbS.SSbaSa  In  small  tabular  monoclinic 
crystals.     G.  =  5*95.     Color  gray.     From  Fels5b6nya,  Hungary. 

Schapbachite.  PhS.AgaS.BiaSs.  In  acicular  crystals  and  granular  massive.  G.  = 
6'43.     Color  lead-gray.    From  Schapbach,  Baden. 


FRCIESLEBENITS. 

Monoclinic.  Axes  d  :  S  :  (5  =  0-5871  :  1  :  0-9377;  ft  =  87°  46'.  Habit  pris- 
matic.  G.  =  6  2-6*4.  Luster  metallic.  Color  and  streak  light  steel-gray 
inclining  to  silver-white,  also  to  blackish  lead-gray. 

Coiiip.-(Pb,Ag,).Sb,S..  or  5(Pb,AgJS.2Sb,§.. 
^  Obs.— From  thf*  HimmelsfUrst  mine,  at  Freiberg,  Saxony;  Kapnik.  Hungary;  FelsO- 
banya;  Hiendeleucina,  Spain;  also  from  the  Augusta  Ml.,  Gunnison  Co.,  Colorado. 

Diaphorite.  Like  freieslebenite  in  composition  but  orthorhombic  in  form.  G.  =  5*0. 
From  Pfibram,  Bohemia. 

BonLANOERrm. 

Orthorhombic.  In  crystalline  ])lumo8e  masses;  ffrannlar,  compact.  H.  = 
2  5-3.  G.  =  5*75-6'0.  Luster  metallic.  Color  bluisn  lead-gray;  often  covered 
with  yellow  spots  from  oxidation.     Opaque. 

Comp.— Pb.Sb,S„  or  5PbS.2Sb,S.  =  Sulphur  18-9,  antimony  25-7,  lead 
55-4  =  100. 

Pyr.— Same  as  for  zlokenite,  p.  807. 

Obs.— Moli^res,  Depart,  du  Gard,  Prance;  'at  Nerchinsk;  Wolfsbere  in  the  Harz; 
Pfibram.  Bohemia:  near  Bottino  Tuscany;  Echo  District,  Union  county,  Nevada. 

BmbrithUe  9ji^  plunibostib  are  from  Nerchinsk;  they  correspond  nearly  to  lOPbS.SSbsSi,. 
but  the  material  analyzed  may  not  have  been  quite  pure. 
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OESCKIPTIVE  UIKBRALOGT. 


D.  Ortho-  Division.    SRS.As.S,,  3RS.Sb,S„  etc. 

Boumonite  Group.     Orthorhombic.     Prismatic  angle  86^  to  87° 

BOXTRNONITB.    Rftdelerz  Germ,    Wheel  Ore. 
Orthorhombic.    Axes:  d\l:t  =  0*9380  :  1  :  0-8969. 


mm"',  110  A  liO  =  86'  20' 
CO,       001  A  101  =  43"  48' 

624. 


626. 


en,  001  A  Oil  =  41*  53' 
eu,  001  A  112  =  88*  15' 

626. 


Harz. 


Nagydg. 


Eapnik. 


Twins :  tw.  pi.  m,  often  repeated,  forming  cruciform  and  wheel  shaped 
crystals.    Also  massive;  granular,  compact. 

Cleavage :  b  imperfect ;  a,  c  less  distinct.  Fracture  subconchoidal  to  uneven. 
Bather  brittle.  M.  =  2*5-3.  G.  =  5-7-5'9.  Luster  metallic,  brilliant  Color 
and  streak  steel-gray,  inclining  to  blackish  lead-gray  or  iron-black.     Opaque. 

CoBip.-(Pb,Cu,),Sb,S.  or  3(Pb,Cu,)S.Sb,S,  =  PbCuSbS.  (if  Pb  :  Cu.  = 
2:1)  =  Sulphur  198,  antimony  247,  lead  425,  copper  130  =  100. 

F3rr.,  etc. — lu  tbe  closed  tube  decrepitiites.  and  irives  a  dark  red  sublimnte.  In  tbe  open 
tube  gives  sulphur  dioxide,  and  a  white  sublimate  of  oxide  of  antimony.  6.B.  od  charcoal 
fuses  easily,  and  at  tirst  coats  the  coal  white;  continued  blowing  gives  a  yellow  coaling  of 
lead  oxide;  the  residue,  treated  with  soda  in  R.F.,  gives  a  globule  of  copper.  Decomposed 
by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and  a  white 
po^xder  containing  antimony  and  lead. 

Obs. — From  Neudorf  in  the  Harz;  also  Wolf sberg,  Clausthal,  and  Andreasberg;  PHbram. 
Bohemia;  Kapnik,  Hungary;  Endel lion  at  Wheal  Boys,  Cornwall;  in  Mexico;  Huasco  Alto, 
Chili. 

In  ihe  U.  S..  at  the  Boggs  mine,  Tavapai  Co.,  Arizona;  also  Montgomery  Co.,  Arkansas; 
reported  from  San  Juan  Co.,  Colorado.  In  Canada,  in  the  township  of  Marmora,  Hastings 
Co.,  and  Darlin^r,  Lanark  Co..  Ontario. 

Aikinite.  8(Pb,CU:i)S.Bi3Sa.  Aciculnr  crystals;  also  massive.  Qt,  =  61-6-8.  Color 
blackish  lead-gray.    From  Berezov  near  Ekaterinburg,  Urals. 

Wittiohenite.  SCutS.BiaSi.  Rarely  in  crystals  resembling  bournonite;  also  massive. 
G.  =  45.    Color  steel-gray  or  tin>white.     Wiltichen,  Baden,  etc. 

Stylotypite.  3(Cu9,Ag,,Fe)S.SbaS».  In  orthorhombic  crystals,  in  cruciform  twins  like 
boumonite.    Q.  =  479.     Color  iron-black.     Copiapo,  Chili. 


UlUanite.  dPbSBiSbSs  and  SPbS.BisSs.  Massive,  crysUUine.  Color  8teel>gray. 
Hvena.  Sweden;  Leadville,  Colorado  (argentiferous). 

Ouitermanite.  Perhaps  3PbS.AsaSt.  Massive,  compact.  G.  =  6*W.  Color  bluish 
gray.     Zufii  mine,  Silverton.  Colorado. 

Tapalpite.  A  sulpho-telluride  of  bismuth  and  silver,  perhaps  8Ag«(S,Te).Bi,(8,Te),. 
Massive,  granular.    G.  =  7*80.    Sierra  de  Tapalpa,  Jalisco,  Mexico. 


8ULPHO-SALT8. 


311 


Pyrargryrit©  Group.     Bhombohedral-hemimorphic. 

PTRABaTRTTB.    Ruby  Silver  Ore.    Dark  Red  Silver  Ore.    Dunkles  Uothgaitigen^ 
LDtimoDsilberblende  Qerm, 

Rhombohedral-hemimorphic.    Axis:  i  =  07892;  0001  A  lOll  =  42° 20\\ 


ee\   0113  A  i012  =  42*  5' 
TT\   lOil  A  1101  =  71'  22' 


628. 


wf,   2l8l  A  Sail  =  74"  25' 
w\  2l8l  A  8i21  =  86*  12' 
629. 


i<^^ 


Crystals  cotnmoiily  prismatic.  Twins:  tw.  pi.  a,  very  common,  the  axes  i 
parallel ;  u  (10l4),  also  common.    Also  massiye^  compact. 

Cleavage:  r  distinct;  e  imperfect.  Fracture  oonchoidal  to  nneven.  Brittle. 
H.  =  2*5.  G.  =  5 -77-5 '86;  5'86  if  pure.  Luster  metallic-adamantine.  Color 
black  to  grayish  black,  by  transmitted  light  deep  red.  Streak  purplish  red« 
Nearly  opaque,  but  transparent  in  very  thin  splinters.  Optically  — .  Kefractive 
lEdices,  oj  =  3-084,  6  =  2-881  Fizeau. 

Comp. — Ag.SbS,  or  3Ag,S.Sb,S,  =  Sulphur  178,  antimony  22'8,  silver  59-9 
=  100.     Some  varieties  contain  small  amounts  of  arsenic. 

Pyr.,  etc.— In  the  closed  tube  fuses  and  gives  a  reddish  sublimate  of  antimoDy  ozysul- 
phide;  in  the  open  tube  sulphurous  fumes  and  a  white  sublimate  of  oxide  of  antimony. 
B.B.  on  charcoal  fuses  with  spirting  to  a  globule,  coats  the  coal  white,  and  the  assay  ia 
conyerted  into  silver  sulphide,  which,  treated  in  O.F.,  or  with  soda  in  RF.,  gives  a  globule . 
of  silver.  In  case  arsenic  is  present  it  may  be  detected  by  fusing  the  pulverized  mineral 
ffith  soda  on  charcoal  in  R.F.  Decomposed  by  nitric  acid  with  the  separation  of  sulphur 
and  of  antimony  trioxlde. 

Obs.— ^Occurs  at  Andreasberg  in  the  Harz;  Freiberg,  Saxony;  Pftbram,  Bohemia; 
Bchemnitz,  etc.,  Hungiiry;  Kongsberg,  Norway;  Qaudalcanal,  Spain;  in  Cornwall.  Id 
Mexico  it  is  worked  at  Quanajuato  and  elsewhere  as  an  ore  of  silver.  In  Chili  with  proust- 
Ite  at  Chafiarcillo  near  Copiapo. 

In  Colorado,  not  uncommon;  thus  in  Ruby  district,  Qunnfson  Co.;  with  sphalerite  in 
Biieffle's  distr  ,  Ouray  Co.,  etc  In  Nevada,  at  Washoe  in  Daney  Mine;  about  Austin. 
Kf<'8c  river;  at  Poormau  lode,  Idaho,  in  masses  with  cerargyrite.  In  New  Mexico,  Utah, 
tiid  Arizona  wiih  silver  ores  at  vunous  points. 

Named  from  izvp.firef  and  apyupoS,  silver,  in  allusion  to  the  color. 

PRGUSTTTE.  Ruby  Silver  Ore.  Light  Red  Silver  Ore.  Lichtes  RothgtlltigeriL 
Arseosilberblende  Qerm, 

Rhombohedral-hemimorphic.     Axis  i  =  0-8039;  0001  AlOll  =  42''  62'. 

ee\  0li2  A  1012  =  42'  46'  tjv'.  2lSl  A  2311  =  74*  89* 

rr\  1011  A  ilOl  =  72*  12'  W,  2131  a  8121  =  35*  IS* 

Crystals  often  acute  rhombohedral  or  scalenohedral.  Twins:  tw.  pL 
«  (1014)  and  r.     Also  massive,  compact. 


S12 


DESCRIPTIVE   MIKEBALOQT. 


Cleayage:  r  distinct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  =  2~2'5. 
O.  =  5*57-5-64;  5*57  if  pure.  Luster  adamantine.  Color  scarlet-vermilion; 
streak  same^  also  inclined  to  aurora-red.  Transparent  to  trausluceut.  Op- 
tically negative.     Double  refraction  strong,     oo^  =  2*979. 

Comp.— Ag,AsS,  or  3 Ag,S. As.S,  =  Sulphur  19-4,  arsenic  15-2,  silver  65  4 
=  100. 

Pyr.,  etc. — In  the  closed  tube  fuses  easily,  and  gives  a  faint  sublimate  of  arsenic  tri 
sulphide;  in  the  open  tube  sulphurous  fumes  aud  a  white  crystalline  sublimate  of  arsenic 
trioxide.  B.B.  on  charcoal  fuses  and  emits  odors  of  sulphur  and  arsenic;  with  sodu  in 
R.F.  gives  a  globule  of  silver.    Decomposed  by  nitric  acid,  with  separation  of  sulphur. 

o£i.— Ocuurs  at  Freiberg.  Johannffeorgenstadt,  etc.,  in  Saxony;  Joachimsthal,  Bohemia; 
Chalancbes  in  Dauphiue;  Guadalcanal  in  Sptdu;  in  Mexico;  Peru;  Chili,  at  ChsJIarcillo  iu 
magnificent  crystallizniious. ' 

In  Colorado,  Ruby  distr.,  Gunnison  Co.;  Sheridan  mine.  Ban  Miguel  Co.;  Yankee  Girl 
mine,  Ouray  Co.  In  Arizona,  with  siWer  ores  at  various  points.  In  Nevada,  in  the  Daney 
mine,  aud  in  Comstocic  lode,  rare;  Idaho,  at  the  Poorman  lode. 

Named  after  the  French  chemist,  J.  L.  Proust  (1755-1826). 

Sangninite.  Near  proustite  in  composition.  In  glittering  scales,  hexagonal  or  rhombo- 
hedral.    From  Chaiiarcillo,  Chili. 

Falkenhaynite.  Perhaps  SCuiS.SbiSs.  Massive,  resembling  galena.  From  Joachims- 
thai,  Bohemia. 

Pyrostilpnite.  Like  pyrargyrite,  8Ag«8.Sb«Ss.  In  tufts  of  slender  (monoclinic)  crys- 
tals.   G.  =  4'^.    Color  hyacinth-red.    From  Andreasbsrg  in  the  Harz;  Freiberg;  Pfibntm. 

Rittlngerite.  Contains  arsenic,  selenium,  and  silver.  In  small  tabular  crystals. 
G.  =  5*68.  Color  blackish  brown  to  iron-black;  hyacinth-red  by  transmitted  light  Streak 
orange-yellow.    From  Chaiiarcillo,  ChllL 


E.  Basic  Division. 
Tetrahedrite  Group.     Isometric-tetrahedral. 

TBTRAHBDRrm.     Gray  Copper  Ore.    Fahlerz  Oerm, 
Isometric-tetrahedral.    Habit  tetrahedral.     Twins:  tw.  pi.  o;  also  with 


parallel  axes  (Fig.  354,  p.  121,  Fig.  370,  p.  124). 
coarse  or  fine;  compact. 


630. 


631. 


Also  massiTe;   granular, 
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Cleavage  none.  Fracture  subconchoidal  to  uneven.  Eather  brittle. 
H.  =  3-4.  G.  =  4'4-51.  Luster  metallic,  often  splendent.  Color  between 
flint  gray  and  iron-black.  Streak  like  color,  sometimes  inclining  to  brown 
and  cherry-red.  Opaqne;  sometimes  subtranslucent  (cherry-red)  in  very  thin 
splinters. 

Comp.,  Tar.— Essentially  Cu,Sb,S,  or  4Cu,S.Sb,S,  =  Sulphur  231,  anti- 
mony 24-8,  copper  521  =  100. 
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Antimony  and  arsenic  are  usually  both  present  and  tbus  tetrahedrite  fi^raduates  into  tbe 
ullied  species  tenuautite.  There  are  also  varielies  coutaining  bismuth,  chiefly  at  tbe 
arseDicai  end  of  tbe  series.  Further  tbe  copper  may  be  replaced  by  iron,  ziuc,  silver, 
mercury,  lead,  and  rarely  cobalt  and  nickel. 

Var. — Ordinary,  Contains  little  or  do  siWer.  Color  steel-gray  to  dark  gray  and  iron* 
black.     G.  =  4'75-4-9. 

ArgenttfercuB;  P^reSbergiU,  Weissgiltigerz  Qerm,  Contains  3  to  30  p.  c.  of  silver.  Color 
usually  steel-gray,  lighter  than  the  ordinary  varieties;  sometimes  iron-black;  streak  often 
reddish.     G.  =  4*8^-5-0. 

Mercurial;  ikhwateite.  Contains  6  to  17  p.  c.  of  mercury.  Color  dark  gray  to  iron* 
black.     Luster  often  dull.    G.  =  5*10  chiefly. 

MalinotDikiU,  from  Peru  and  a  similar  variety  from  Arizona,  contain  18-16  p.  c.  of  lead. 

Pyr.,  etc. — Differ  in  the  different  varieties.  In  tbe  closed  tube  all  the  antimonial  kinds 
fuse  and  give  a  dark  red  sublimate  of  antimony  oxysulphide;  if  much  arsenic  is  present,  a 
sublimate  of  arsenic  trisulphide  first  forms.  In  the  open  tube  fuses,  gives  sulphurous  fumes 
aad  a  white  sublimate  of  antimony  oxide;  if  arsenic  is  present,  a  crystalline  volatile  subli- 
mate condenses  with  the  antimony;  if  the  ore  contains  mercury  it  condenses  in  minute 
metallic  globules.  B.B.  on  charcoal  fuses,  eives  a  coating  of  the  oxides  of  antimony  and 
sometimes  arsenic,  zinc,  and  lead;  arsenic  is  detected  by  the  odor  when  the  coating  is  treated 
Id  R.F.  The  roasted  mineral  gives  with  the  fluxes  reactions  for  iron  and  copper;  with  soda 
yields  a  globule  of  metallic  copper.  Decomposed  by  nitric  acid,  with  separation  of  sulphur 
and  antimony  trioxide. 

Diff. — Distinguished  by  its  form,  when  crystallized,  by  its  deep  black  color  on  fracture 
and  brilliant  metallic  luster.  It  is  harder  than  bournonite  and  much  softer  than  mnguctite; 
tbe  blowpipe  characters  are  usually  distinctive. 

Obs.— Often  associated  with  chalcop^rite,  pyrite,  sphalerite,  galena,  and  varitus  <  tlier 
silver,  lead,  and  copper  ores;  also  sidente.  Occurs  at  many  Cornish  mines;  thuK  at  the 
Herodsfoot  mine,  Ltskeard.  in  tetrahedral  crystals  often  coated  with  iridescent  chah  (;]i,viiie; 
the  Levant  mine  near  St.  Just.  From  Andreasberg  and  Clausthal  in  the  JBarz;  Frc  berg, 
Saxony;  Dillenburg  and  Horhausen  in  Nassau;  at  ^iQsen;  various  mines  in  the  Black 
Forest;  Pribram,  Bohemia;  Kogelnear  Brixleggin  Tyrol;  Kapnik.  Herrengnind,  Hungary. 
In  Mexico,  at  Durango,  Guanajuato;  Chili;  Bolivia,  etc.  The  argetiifferous  variety  occurs 
especially  at  Freiberg;  Pi^ibram;  Huallanca  in  Peru,  and  elsewhere.  The  mercurial  variety 
at  SchmOlnitz,  Hungary;  Schwatz,  Tyrol;   valleys  of  Angina  and  Castello,  Tuscany. 

lu  the  U.  S. ,  tetrahedrite  occurs  at  the  Kellogg  mines,  Arkansas.  In  Colorado,  in  Clear 
Creek  and  Summit  C(^.;  tbe  XJlay  mine,  Lake  Co.;  with  pyrargyrite  in  Ruby  district* 
Gunnisozi  Co.,  etc.  Much  of  the  Colorado  *'gTav  copper"  is  tennantite  (see  below).  In 
Nevada,  abundant  in  Humboldt  Co.;  near  Austin  in  Lander  Co.;  Isabella  mine,  Reese 
river.    In  Arizona  at  the  Heintzelman  iQine;  at  various  points  in  British  Columbia. 

TBNNANTZTB. 

Isometric-tetrahedral.  Crystals  often  dodeoahedral.  Also  massive,  com- 
pact.    H.  =  3-4.     6.  =  4'37-4'49.     Color  blackish  lead-gray  to  iron-black. 

Comp. — Essentially  Cu^As.S,  or  4Cu,S.As3S,  =  Sulphur  25*5,  arsenic  17*0, 
copper  57-5  =  100. 

Var.— Often  contains  antimony  and  thus  graduates  into  tetrahedrite.  The  original  ten- 
nantite from  Cornwall  contains  only  copper  and  iron.    In  crystals,  habit  dodecahednil. 

Sandbergerite,  KupferbUnde  Qerm.,  contains  7  p.  c.  of  zinc.  Fredridte  from  Sweden  has, 
besides  copper,  also  iron,  lead,  silver,  and  tin. 

Found  at  the  Cornish  mines,  particularly  at  Wheal  Jewel  in  Gwennap,  and  Wheal  Unity 
in  Gwinear :  at  Freiberg  (Kupferblende);  at  the  Wilhelmine  mine  in  the  Spessart:  Skutterud, 
Norway.  Near  Central  Citv'  and  elsewhere  in  Colorado.  At  Capelton,  Pr.  Quebec,  Canada. 
Named  after  tbe  chemist,  Smlthson  Tennant  (1761-1815).    See  further  above. 


Jordanite.  4PbS.A8«Sa.  Monoclinic;  often  pseudohexagonal  by  twinning.  G.  =  6  30. 
Color  lead-gray.     From  the  Binnenthal;  Nagydg.  Transylvania. 

Meneghinlte.  4PbS.Sb9Ss.  Orthorhombic.  In  slender  prismatic  crystals;  also  missive*. 
G.  =  6  34-6-43.  Color  blackish  lead-gray.  From  BotUno,  Tuscany;  Marble  Lake,  Bairie 
owijship,  Ontario. 
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STEPHANTTB.     Melanglanz  Oerm.    Briltic  Silver  Ore. 

Orthorhombic-     Axes  d:l:6^  0-6292  :  1  :  0'6851. 

6ZZ.  mm",  110  a  110  =  64'  21'        ed,  001  A  021  =  53'  52' 

efS,       001  A  101  =  47*  26'        eh,  001  A  112  =  32*  45' 
ek,        001  A  Oil  =  34'  25'       eP,  001  A  HI  =  52"    V 


Crystals  usually  short  prismatic  or  tabular  I  i.   Twins: 

tw.   pL    m,    often    repeated,    pseudo-hexagoual.    Also 

massive,  compact  and  disseminated. 

Cleavage:  J,  e?  imperfect.    Fracture  subconchoidal  to  uneven.    Brittle.    H. 

=  2-2*5.  G.  =  6*2-6*3.  Luster  metallic.   Color  and  streak  iron-black.  Opaque. 

Comp.— Ag^SbS^  or  5Ag,S.Sb,S,  =  Sulphur  163,  antimony  15-2,  silver  6i5  5 

=  100. 

Pyr. — lo  the  closed  tube  decrepitates,  fuses,  and  after  long  heating  gives  a  faint 
sublitiiate  of  antimony  ozysulphide.  In  the  open  tube  fuses,  giving  oif  antimonial  nod 
sulphurous  fumes.  B.B.  on  charcoal  fuses  vith  projection  of  small  particles,  coats  the  coal 
with  oxide  of  antimony,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  nod 
a  globule  of  metallic  adlver  is  obtained.  Soluble  in  dilute  heated  nitric  acid,  sulphur  and 
antimony  trioxide  being  deposited. 

Obs,— In  veins,  with  other  silver  ores,  at  Freiberg,  Schneebei^,  etc.,  in  Snxony;  Pribram. 
Bohemia;  Schemnitz,  Hungary;  Andreasberg  in  the  Harz;  Kongsberg,  Norway;  Wheal 
Kewton.  Cornwall;  Mexico;  Peru;  Ghafiarcillo,  Chili. 

In  Nevada,  in  the  Comstook  lode,  Reese  river,  etc.  In  Idaho,  at  the  silver  mines  at 
Yankee  Fork,  Queen's  River  district. 

Named  aftec  the  Aichduke  Stephan,  Mining  Director  of  Austria. 

GMocronite.  SPbS.SbtSs.  Rarely  in  6rthorhombic  crystals;  usually  massive,  granular. 
G.  =  6*4.    Color  lead-gray.    From  8ala,  Sweden,  etc. 


Beegmite.  6PbS.BisSa.  Massive,  indistinctly  crystallized.  G.  s  7*27.  Color  light  to 
dark  gray.    From  Park  Co.,  Colorado. 

KUbriok«iiite.  Perh&ps  6PbS.SbiSa.  Massive.  G.  =  6*41.  Color  lead-gray.  From 
Kilbricken,  Co.  Clare,  Ireland. 


Polybasite  Group.     9BS,.As,S„  9BS.Sb,S,.     Monoclinic,  psendo- 

rhombohedral. 

POIjTBASrrXI.     SprOdglaserz,  Eugenglanz  Oerm. 

Monoclinic.  Axes  a:i:i=  1-7309  :  1  : 1-5796,  /3  =  90^  0'.  Prismatic 
angle  60^  2'.  In  short  six-sided  tabular  prisms,  with  beveled  edges;  c  faces  with 
triangular  striations;  in  part  repeated  twins,  tw.  pi.  m. 

Cleavage :  c  imperfect.  Fracture  uneven.  H.  =  2-3.  G.  =  60-G  ^ 
Luster  metallic.  Color  iron-black,  in  thin  splinters  cherry-red.  Streak  black. 
Nearly  opaque. 

Comp.— Ag.SbS,  or  9Ag,S.Sb,S,  =  Sulphur  15-0,  antimony  9*4,  silver  75  f> 
:=  100.    Part  of  the  silver  is  replaced  by  copper;  also  the  arsenic  by  antimouv. 

Pyr.,  etc. — In  the  open  tube  fuses,  drives  sulphurous  and  antimonial  fumes,  the  laittr 
forming  a  white  sublimate,  sometimes  mixed  witli  crystalline  arsenic  trioxide.  B  B.  {us*.< 
with  spirting  to  a  globule,  gives  off  sulphur  (som«limes  arsenic),  and  coats  the  coal  wim 
antimony  trioxide;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish- w hi  e 
coaiini;  of  zinc  oxide,  and  a  metallic  irlobnle,  wi  ich  with  salt  of  phosphorus  reacts  for 
copiHT,  nntl  cupelled  with  lead  irivi-s  pure  silver.     Decomposed  by  nitric  acid. 

Oba  —Occurs  in  the  mines  of  Guniijijujuo,  Mexico;  at  Tre-?  Puntos,  desert  of  Atnrann. 
nt  Freilwri;  and  Pribram.  In  Nevada,  at  the  KeCM'  mines  and  at  the  ComstiK'k  Lode.  In 
Coh^rado,  at  the  Terrible  Lode,  C'lear  Creek  Co.     In  Arizona,  at  the  Silver  King  mine. 
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Named  from  xoXtS^,  many,  aod  fldat^,  ba$e,  in  allusion  to  the  basic  character  of  the 

compound. 

Pearoeite.    9Ag«S.As«St.    Monoclinic,  pseudo-rhombohedral.  From  Aspen,  Colorado; 
Marysville,  Lewis  and  Clarke  Co.,  Montana. 


Polyargyrite.    12AgsS.SbtSi.    In  indistinct  isometric  crystals.     O.  =  6*97.     Color 
iron-black.    Wolfach,  Baden. 


II.  Sulpharsenates,  Sulphantimonates;  Sulpho-staimates,  etc. 

Here  are  iucluded  a  few  minerals,  chiefly  sulpbo-salts  of  quautivaleiit 
arseuic  and  antimony;  also  several  sulpho-stannates  and  rkre  sulpho-germau- 

iites. 

ENAROITB. 

Orthorhombic.     Axes:  i:h:i  =  0-8711  :  1  :  0-8248. 

Crystals  usaally  small;  prismatic  faces  vertically  striated.  Twins:  tw.  pi. 
X  (320)  in  star-shaped  trillings.    Also  massive,  granular,  or  columnar. 

Cleavage:  m  perfect;  a,  h  distinct;  c  indistinct.  Fracture  uneven.  Brittle. 
11.  =  3.  G.  =  4*43-4 '45.  Luster  metallic.  Color  grayish  black  to  iron-black. 
Streak  grayish  black.     Opaque. 

Comp.— Cu.AsS^  or  3Cu,S.As,S,  =  Sulphur  32*6,  arsenic  19*1,  copper  48-3 
=  100.     Antimony  is  often  present,  cf.  famatinite. 

'Byr. — In  the  closed  tube  decrepitates,  and  gives  a  sublimate  of  sulphur;  at  a  higher 
temperature  fuses,  and  ^ives  a  sublimate  of  sulphide  of  arsenic.  In  the  open  tube,  heated 
gently,  the  powdered  mmeral  gives  off  sulphurous  and  arsenical  fumes,  the  latter  condensing 
to  a  sublimate  containiog  some  antimony  oxide.  B.B.  on  charcoal  fuses,  and  gives  a 
faint  coating  of  the  oxides  of  arsenic,  antimony,  and  zinc;  the  roasted  mineral  with  the 
fluxes  gives  a  globule  of  metallic  copper.     Soluble  in  aqua  regia. 

Obs.— From  Morococha.  Cordilleras  of  Peru;  in  Chili  and  Argentina;  Mexico;  Matzen- 
knpti.  Brixlegg,  Tyrol;  Mancayan.  island  of  Luzon. 

lu  the  U.  S.,  nt  Brewer's  gold  mine,  Chesterfield  dist.,  S.  Carolina;  in  Colorado,  at 
mines  near  Central  City,  Gilpin  Co.;  in  Park  Co.,  at  the  Missouri  mine,  etc.  In  southern 
Utah;  also  in  the  Tinticdistrict;  near  Butte,  Montana. 

Glaritb.     Perhaps  identical  with  enargite.    From  the  Clara  mine.  Schapbach.  Baden. 

LuzoNiTB.  Composition  of  enargite,  but  supposed  to  differ  In  crystallization.  Massive. 
0.  =  4 •4*2.    Color  steel-gray.     From  the  island  of  Luzon. 

Famatinite.  SCusS.SbsSt,  i^'omorphons  with  enargite.  G.  =  4*57.  Color  gray  with 
tinge  of  copper-red.     From  the  Sierra  de  Famatina,  Argentina. 


Xanthooonite.~8Ag»S.As,8».  In  thin  tabular  rhombohedral  crystals;  also  massive, 
reniform.    G.  =  6.    Color  orange-yellow.    From  Freiberg. 

Bpiboolangerite.— 8PbS.Sb,St.  In  striated  prismatic  needles  and  granular.  G.  =  6*81. 
C^lor  dark  bluish  gray  to  black.     From  Al  ten  berg. 

Bpigenite.— Perhaps  4CUyS.8Fe8.As,S».  In  short  prisms  resembling  arsenopyrite. 
Color  steel-gray.    From  Wittichen,  Baden. 


STANNTTB.    Tin  Pyrites.    Bell-metal  Ore.    Zinnkies  G^erm. 

Isometric-tetrahedral.     Massive,  granular,  and  disseminated. 

Cleavage:  cubic,  indistinct.  Fracture  uneven.  Brittle.  H.  =  4.  Q.  =  4*3- 
4  522;  4-506  Zinnwald.  Luster  metallic.  Streak  blackish.  Color  steel-gray 
to  iron-black,  the  former  when  pure;  sometimes  a  bluish  tarnish;  often  yellow- 
ish from  the  presence  of  chalcopyrite.     Opaque. 
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Comp. — A  snlpho-stannate  of  copper,  iron  and  sometimes  zinc,  Cu.FeSnS^ 
or  Cu.S.FeS.SnS,  =  Sulphur  29-9,  tin  27-5,  copper  295,  iron  13-1  =  100. 

P3rr.,  etc. — In  tbe  closed  tube  decrepitates,  and  gives  a  faint  sublimate;  in  the  open 
tube  ttulpburous  fumes.  B.6.  ou  cbarcoal  fuses  to  a  globule,  wbicb  in  O.F.  gives  vH 
sulphur,  and  coats  tbe  coal  "with  tin  dioxide;  tbe  roasted  mineral  treated  with  borax  ghn 
reactions  for  iron  and  copper.  Decomposed  by  nitric  acid,  affording  a  blue  solution,  wiiL 
separation  of  sulphur  and  tin  dioxide. 

Oba.— Formerly  found  at  Wheal  Rock,  Cornwall;  and  at  Cam  Brea:  more  recently  h- 
ffrauite  at  St.  Michael's  Mount;  also  at  8tenna  Gwynn,  eta;  at  theCronebane  mine,  Co 
Wicklow,  in  Ireland;  Zlnnwald.  in  tbe  Erzgebirge.    From  tbe  Black  Hills,  So.  Dakota. 

Argyrodite.  A  silver  sulpbo-germanate,  AgtGeSi  or  4Ag,8.QeS,.  Isometric,  cr^staU 
usually  indistinct;  also  massive,  compact.  H.  =  2*5.  G.  =  6*085-6*111.  Luster  metal iic. 
Color  steel-gray  on  a  fresh  fracture,  with  a  tUige  of  red  turning  to  violet.  From  th* 
HimmelsfQrst  mine,  Freiberg,  Saxony. 

Oanfieldite.  Ag»SnSf  or  4Ag,S.SnS,,  the  tin  in  part  replaced  by  germanium.  Isometric, 
perbaps  tetrahedral;  in  octahedrons  with  d  (110).  G.  =  6-28.  Luster  metallic  Color  black. 
La  Paz,  Bolivia. 

Franokeite.  Perhaps  PbtSbtSntSit,  Groth.  Massive.  G.  =  5*55.  Color  blackisL 
gray  to  black.    Bolivia. 

Oylindrite.  KyUndrite.  Perhaps  Pb.SbtSn.S,,,  Groth.  H.s  8*5-8.  G.  =  5*42. 
Luster  metallic    Color  blackish  lead-gn^.    Poop6,  Bolivia. 
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lY.  HAIX>n>S.-CHI.ORn>E8|  BROBUDES,  IODIDES; 
FIiUORIDES. 

L  Anhydroiu  Ofalorides,  Bromides,  Iodides;  Fluoridei. 
II.  Oxy chlorides;  Ozyfluorides. 
m.  Hydrous  Chlorides ;  Hydrous  Fluorides. 

The  Fourth  Class  includes  the  haloids^  that  is,  the  compounds  with  the 
halogen  elements,  chlorine,  bromine,  iodine,  and  also  the  less  closely  related 

fluorine. 


I.  Anhydrous  Chlorides,  Bromides,  Iodides;  Fluorides. 

OAIaOMBXi.    Horn  Quicksilver.    Chlorquecksilber,  Quecksilberhomerz  Otrm, 

Tetragonal.  Axis  d  =  1*7229;  001  A  101  =  69^  62'.  Crystals  sometimes 
tabular  |  c;  also  pyramidal;  often  highly  complex. 

Cleavage:  a  rather  distinct;  also  r(lll).  Fracture  conchoidal.  Sectile. 
H.  =  1-2.  G.  =  6-482  Haid.  Luster  adamantine.  Color  white,  yellowish 
gray,  or  ash-gray,  also  grayish,  and  yellowish  white,  brown.  Streak  pale 
yellowish  white.     Translucent — subtranslucent.     Optically  +. 

Comp.— Mercurous  chloride,  Hg,Cl,  =  Chlorine  15-1,  mercury  84*9  =  100. 

Pyr..  etc.— lu  the  closed  tube  volatilizes  without  fusion,  condensing  in  the  cold  part  of 
the  lube  as  u  white  8ublin*ate;  with  soda  gives  a  sublimate  of  metnllic  mercury.  B.B.  on 
charcoal  volatilizes,  coating  the  coal  while.  Insoluble  in  water,  but  dissolved  by  aqua  regis; 
blackeus  when  treated  with  alkalies. 

Obs.— Usually  associated  with  cinnabar.  Thus  at  Moscbellandsberff  In  the  Palatinate; 
at  Idria  in  Carniola;  Almaden  in  Spain:  at  Mt.  Avala  near  Belgrade  in  Servia. 

Calomel  is  an  old  term  of  uncertain  origin  and  meaning,  perhaps  from  KaiS^,  beauty, 
and  ^^Xi,  honey,  the  taste  being  sweet,  and  the  compound  the  Menmrius  duloU  of  early 
chemistry;  or  from  KctXoi  and  u4\a%,  black. 

Nantokite.  Cuprous  chloride,  Cu,Cl..  Granular,  massive.  Cleavage  cubic.  H.  =  2- 
3,w..  ^V=^J^^^.(i?^*®'  adamantine.  Colorless  to  white  or  grayish.  From  Nantoko, 
Chill ;  New  South  Wales. 

TT.,?**f^*^.  Ctiprous  iodide,  CuJ,.    Isometrictetrahedral.    Color  oil-brown.    Broken 
Hill  mines.  New  South  Wales. 


Halite  Group.    ECl,  RBr,  EL    Isometric. 

HaUte                             NaCl                Embolite  .  Ag(Cl,Br) 

Sylvite                            KCl                 Bromyrite  AgBr 

Sal  Ammoniac  (NHJCl             lodobromite  Ag(ClBr,I) 

Cerargyrite                     AgCl  .     Miersite  Agl 

The  Halite  Geocp  includes  the  halogen  compounds  of  the  closely  related 
nietals,  sodium, potassium,  and  silver,  also  ammonium  (NH,).  They  crystallize 
in  the  isometric  system,  the  cubic  form  being  the  most  common.  "Sylvite  and 
sal-ammoniac  are  plagihedral,  and  the  same  may  be  true  of  the  others. 
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HAUTE.    Common  or  Rock  Salt.    Steinsalz,  Bergsalz  Oerm. 
Isometric.    Usually  in  cubes;  crystals  sometimes  distorted,  or  with  cavern- 
634.  ous  faces.     Also   massive,  granular   to  compact;    less 

often  columnar. 

Cleavage:  cubic,  perfect.  Fracture  conchoidal. 
Bather  brittle.  H.  =  2-5.  G.  =  2-1-2-6;  pure  crystals 
2'135.  Luster  vitreous.  Colorless  or  white,  also  yellow 
ifih,  reddish,  bluish,  purplish.  Transparent  to  translu- 
cent. Soluble;  taste  saline.  Refractive  index  1-544,: 
Na.     Highly  diathermanous. 

Comp.—Sodium    chloride,    NaCl  =  Chlorine    GO  6, 
sodium   39*4  =  100.      Commonly  mixed  with    calcium 
sulphate,  calcium  chloride,  magnesium  chloride,  and 
sometimes  magnesium  sulphate,  which  render  it  liable  to  deliquesce. 

Pyr.,  etc.—ln   the  closed  tjibe  fuses,  often  with  decrepltatiou ;  when  fused  on  ibe 

Elatinum  wire  colors  the  flame  deep  yellow.  Added  to  a  salt  of  phosphorus  bead  which 
as  been  saturated  with  oxide  of  copper,  it  colors  the  flume  a  deep  azure-blue.  Dissolve's 
readily  in  three  parts  of  water. 

Diff.— Distinguished  by  its  solubility  (taste),  softness,  perfect  cubic  cleiivage. 

Obs. — Common  salt  occurs  in  extensive  but  irregular  beds  in  rocks  of  various  nges, 
associated  with  gypsum,  polyhalite,  anhydrite,  caruallite,  clay,  sandstone,  and  calcitc.  also 
in  solution  forming  salt  springs;  similarly  in  the  water  of  the  ocean  and  salt  seas. 

The  principal  salt  mines  of  Europe  are  at  Stassfurt,  near  Magdeburg;  Wieliczka.  ia 
Poland;  at  Hall,  in  Tyrol;  and  along  the  range  through  Keichcnthal  in  Bavaria,  jlailfin 
ill  Salzburg,  Hallstadt,  Ischi,  and  Ebensee,  in  Upper  Austria,  and  Aussee  in  Styrin;  in 
Hungary,  at  Marmoros  and  elsewhere;  Tninsylvania;  Wallachia,  Galicia,  and  Upptr 
Silesia;  Vic  and  Dieuze  in  France;  Valley  of  Cardona  and  elsewhere  in  Spain;  Bex  in 
Switzerland;  and  North wich  in  Cheshire,  Enffland.  At  the  Austrian  mines,  wl  ere  it  con- 
tains much  clay,  the  salt  is  dissolved  in  large  chambers,  and  the  clay  thus  precipimteti. 
After  a  time  the  water,  saturated  with  the  salt,  ia  conveyed  1^  aqueducts  to  evaporating 
houses,  and  the  chambers,  after  being  cleiired  out,  are  again  filled. 

Salt  also  occurs,  forming  hills  and  covering  extended  plains,  near  Lake  Uruniia,  the 
Caspian  Sea,  etc.  In  Algeria:  in  Abyssinia.  In  India  in  enormous  deposits  in  the  Salt 
Range  of  the  Punjab.  In  China  and  Asiatic  Russia;  in  South  America,  in  Peru,  and  at 
Zipaquera  and  Nemocon,  the  former  a  large  mine  long  explored  in  the  Cordilleras  of  U.  S 
of  Colombia;  clear  salt  is  obtained  from  the  Cerro  de  Sal,  San  Domingo. 

In  the  United  States,  salt  has  been  found  in  large  amount  in  central  and  western  Kew 
York.  Salt  wells  had  long  been  worked  in  this  region,  but  rock  salt  is  now  known  in  exist 
over  a  large  area  from  Ithaca  at  the  head  of  Cayuga  Lake,  Tompkins  Co..  and  Canan<iaigna 
Lake,  Ontario  Co.,  through  Livingston  Co.,  also  (Jenesee.  Wyoming,  and  Erie  Co«.  The 
salt  is  found  in  beds  with  an  average  thickness  of  75  feet,  but  sometimes  much  thicker,  atni 
at  varying  depths  from  1000  to  2000  feet  and  more;  the  depth  increases  souihwani  with  the 
dip  of  the  strata.  The  rocks  belong  to  the  Salina  period  of  the  Upper  Silurian  Sjilt  has 
also  heen  found  near  Cleveland,  Ohio,  associated  with  gypsum;  in  Washington  Co..  West 
Virginia,  in  the  Holston  and  Kanawha  valleys;  in  Kansas;  at  Petite  Anse,  Loui«ia!m. 
along  the  Rio  Virgin  in  Lincoln  Co..  Nevada,  in  extensive  beds  of  great  purity:  in  Utah, 
near  Nephi,  Juab  Co.,  and  Salina,  Sevier  Co.;  in  Arizona,  on  the  Rio  Verde,  with  themird- 
ite.  etc. ;  in  California,  San  Diego  Co. 

Brine  springs  are  very  numerous  in  the  Middle  and  Western  States.  Vast  lakes  of  suit 
water  exist  in  many  part«»  of  the  world.  The  Great  Sail  Lake  in  Utah  is  2,000  square  mile* 
In  area;  L.  Gkile  found  in  this  water  20-196  per  cent,  of  sodium  chloride.  The  Dead  and 
Caspian  seas  are  salt,  and  the  waters  of  the  former  contain  20  to  26  parts  of  solid  matter  iu 
100  parts.     Sodium  chloride  is  the  prominent  salt  present  in  the  ocean. 

Hiiantaja3rite.  20NaCl  -f  AgCI.  In  cubic  crystals  and  as  an  incrustation.  H.  =  2. 
not  seclile.     Color  white.    From  Huantajaya,  Tarapaca,  Chili. 

8YLV1TJJ. 

Iffometric-plagihedral.     Also  in  granular  crystalline  masses  ;  compact. 
Cleavage  :  cubic,  perfect.    Fracture  uneven.    Brittle.    H.  =  2.  6.  =  1'97- 
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1*99.   Luster  vitreous.  Colorless,  white,  bluish  or  yellowish  red  from  inclasions. 
Soluble  ;  taste  resembling  that  of  common  salt,  but  bitter. 

Comp. — Potassium  chloride,  KCl  =  Chlorine  47*6,  potassium  52*4  =  100. 
Sometimes  contains  sodium  chloride. 

Pyr..  etc. — B.B.  in  the  platinum  loop  fuses,  and  gives  a  violet  color  to  the  outer 
lame.  Dissolves  completely  in  water.  Heated  with  sulphuric  acid  gives  off  hydrochloric 
icid  gas. 

Oba.— Occurs  at  Vesuvius,  about  the  fumaroles  of  the  volcano.  Also  at  Stassfurt;  at 
Leopoldshall  (leopoldiie);  at  Ealusz  iu  Galicia. 

Sal  Ammoniac.  Ammonium  chloride,  NH4CI.  Observed  as  a  white  incrustatioo 
Lbout  volcanoes,  as  at  Etna,  Vesuvius,  etc. 

OXSRARGTRmi.    Silberhoroerz,  Homsilber  Germ.    Horn  Silver. 

Isometric.  Habit  cubic.  Twins:  tw.  pi.  0.  Usually  massive  and  resem- 
bling wax;  sometimes  columnar;  often  in  crusts. 

Cleavage  none.  Fracture  somewhat  conchoidal.  Highly  sectile.  H.  = 
1-1'5.  G.  =  5*552.  Luster  resinous  to  adamantine.  Color  pearl-gray, 
grayish  green,  whitish  to  colorless,  rarely  violet-blue ;  on  exposure  to  the 
light  turns  violet-brown.  Transparent  to  translucent.  Index,  Hy  =  2'OGll 
Na. 

Comp. — Silver  chloride  =  Chlorine  24*7,  silver  75*3  =  100.  Some  varieties 
contain  mercury. 

P3rr..  etc. — ^In  the  closed  tube  fuses  without  decomposition.  B.B.  on  charcoal  gives  a 
globule  of  metallic  silver.  Added  to  a  bead  of  salt  of  phosphorus,  previously  saiuiated 
with  oxide  of  copper  and  heated  in  O.F.,  imparts  an  intense  azure-hlue  to  the  linme. 
Insoluble  in  nitric  acid,  but  roluble  in  ammonia. 

Oba. — Occurs  in  veins  of  clay  slate,  accomrRnying  other  ores  of  silver,  and  usually 
only  in  the  higher  parts  of  these  veins.  It  has  also  betn  observeii  with  ocherous  Tnrieiies 
of  brown  iron  ore;  ulso  with  several  cupper  ores,  cnlcite.  barile,  etc.;  upon  slibicouile. 

The  largest  masses  are  brought  from  Peru,  Chili,  and  Mexico,  where  it  occurs  with 
native  silver.  Also  once  obtained  from  Johanngeorgenstadt  and  Freiberg:  Andrcnsberg 
(earthy  var..  BuHermilehert)\  occurs  in  the  Altai;  at  Kongsberc  in  Norway:  in  Alsiue. 

In  the  IT.  8.,  in  Colorado,  near  Leadville,  Lake  Co.;  near  Breckenridge  Summit  Co., 
nod  elsewhere.  In  Nevada,  near  Austin.  Lander  Co.;  at  mines  of  Comstock  lode.  In 
Idaho,  at  the  Poorman  mine,  in  crystals;  also  at  various  other  mines.  In  Utah,  in  Beaver, 
Summit  and  Salt  Lake  counties.       ^ 

Named  from  Kipai,  horn,  and  apyvpoi,  iUver. 

EmboUte.  Silver  chloro-bromide.  Ag(Br.Cl).  the  ratio  of  chlorine  to  bromine  varying 
widely.  Usually  massive.  Resembles  cerargyrite,  but  color  grayish  green  to  yellowish 
green'and  yellow.    Abundant  in  Chili,  less  so  elsewhere. 

Bromyrite.  Silver  bromide,  AgBr.  G.  =  5  8-6.  Color  bright  yellow  to  amber-yellow; 
sliehtly  greenish.     From  Mexico:  Chili:  Huelgoet  in  Brittany. 

lodobromite.  2Ap:C1.2AgBr.AgI.  Isometric;  0  with  a.  G.  =  5*718.  Color  sulphur- 
yellow,  greenish.    From  near  Dernbach,  Nassau. 

Mieraite.  Silver  iodide,  Agl,  crystallizing  in  the  isometric  system ;  probably  tetrahedral 
like  marshite  (p.  317).  In  bright  yellow  crystals  from  the  Broken  Hill  Silver  Mines.  New 
South  Wales. 

Onproiodargyxite.  A  copper-silver  iodide,  occurring  as  a  sulphur-yellow  incrustaiion 
at  Huantajaya,1Peru. 

lodyzlte.  Silver  Iodide,  Agl.  Hexagonalhemimorphic  (Fig.  211,  p.  71);  usually  iii 
thin  plates ;  pale  yellow  or  green.  G.  =  6-6-6-7.  From  Mexico,  Chili,  etc.  Lake  Valley, 
Sierra  Co.,  New  Mexico. 
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DE8CK1PT1VE  MINERALOGY. 


Fluorite  Group.    KF„RC1^ 


The  species  here  included  are  Fluorite,  CaF„  and  the  rare  Hydrophilite, 
CaOl,.     Both  are  isometric,  habit  cubic. 


FLUORITB  or  Fluor  Spar,    FluBsspath  Qerm, 
635.  636.  639. 


640. 


Isometric.  Habit  cubic;  less  frequently  octahedral  or  dodecabedral; 
forms / (3 10),  c  (210)  (fluoroids)  common;  also  the  vicinal  form  C(32'10?), 
producing  striations  on  a  (Fig.  640);  hexoctahedron  ^(421)  also  common 
with  the  cube  (Fi^.  639).  Cubic  crystals  sometimes  grouped  in  parallel 
position,  thus  forming  a  pseudo-octahedron.  Twins :  tw.  pi.  o,  commonly 
penetration-twins  (Fig.  640).  Also  massive;  granular,  coarse  or  fine;  rarely 
columnar;  compact. 

Cleavage:  o  perfect.  Fracture  flat-conchoidal;  of  compact  kinds  splintery. 
Brittle.  H.  =  4.  G.  =  301-3-25;  3-18  cryst.  Luster  vitreous.  Color  white, 
yellow,  green,  rose-  and  crimson-red,  violet-blue,  sky-blue,  and  brown;  wine- 
yellow,  greenish  blue,  violet-blue,  most  common ;  red,  rare.  Streak  white. 
Transparent — subtranslucent.  Sometimes  shows  a  bluish  fluorescence.  Phos- 
phoresces when  heated  (p.  191).     Refractive  index:  7iy  =  1*4339  Na. 

Comp.— Calcium  fluoride,  CaF,  =  Fluorine  48'9,  calcium  51'1  =  KO. 
Ohlorine  is  sometimes  present  in  minute  quantities. 

Var.— 1.  OrdifMry;  (a)  cleavable  or  crvstallized,  veiy  various  in  colors;  (&)  fibrous  \o 
<;oliiiniiar,  as  the  Derbyshire  blue- John  used  for  vaseo  and  other  oraaroents:  (c)  course  to  fine 
granular;  (d)  earthy,  dull,  and  sometimes  very  soft.  ClilarophaTie  yields  a  green  phos- 
phorescent light. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  phosphoresces.  B.B.  in  the  forceps  jiitI 
•on  cliarcoul  fuses,  coloring  the  flame  red.  to  an  enamel  which  reacts  alkaline  on  test  pnper. 
Fused  in  an  open  tube  with  fused  salt  of  phosphorus  gives  the  reaction  for  fluorine. 
Treated  with  sulphuric  acid  gives  fumes  of  hydrofluoric  acid  which  etch  glass. 

Diff.— Distinguished  by  its  crystalline  form,  octahedral  cleavage,  rwalive  softness  (a? 
compared  with  certain  precious  stones,  also  with  the  feldspars);  etching  power  when  treat&i 
with  sulphuric  acid.     Does  not  effervesce  with  acid  like  calcite. 

Obs.— Sometimes  in  beds,  but  generally  in  veins,  in  gneiss,  mica  slate,  clay  slate,  and 
also  in  limestones,  both  crystalline  and  uncrystalline.  and  sandstones.  Often  occurs  as  the 
gangue  «)f  metallic  ores,  especially  of  lead.  In  the  North  of  England,  it  is  the  gnncue  of 
the  lead  veifis.  which  intersect  the  coal  formation  in  Northumberland,  Cumberland. 
Durham,  and  Yorkshire.  In  Derbyshire  it  U  abundant,  and  also  in  Cornwall,  where  the 
veins  intersect  metamorphic  rocks.  The  Cumberland  and  Derbyshire  localities  especially 
have  afforded  magnificent  specimens.     Common  in  the  mining  district  of  Saxony;  fine  near 
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KoMgsberg  in  Norway.  In  the  dolomites  of  8l.  Golhard  occui-s  in  piuk  octabedrons. 
IvuL iy  in  volcuuic  regions,  ns  in  the  Yesuviun  laya. 

8oiue  localities  in  the  U.  8.  are,  Trumbull.  Coun.  (chtorophaiu);  Muscolonge  Lake, 
JcffdMiii  Co.,  N.  Y.,  and  Macomb,  St,  Lawrence  Co.,  both  iu  very  large  sea-green  cubes; 
Fmiikliu  Furuace,  K  J.;  Amelia  Court  House,  Va.;  Qalhitin  Co..  111.;  Bt.  Louis.  Mo. 

Hydrophilite.  Chlorocalcite.  Calcium  chloride.  CaCls.  Iu  white  cubic  crystals  or 
18  au  iucrostation  at  Vesuvius. 


The  following  are  from  Vesuvius:  Ohloromagneaite.  MgCls ;  Scaochite,  MnCl. : 
ChloraUnminite,  AlCU  -f  «H,0;  Molysite.  FeCU. 

SeUaita.  Magnesium  fluoride.  MgF«.  In  prismatic  tetragonal  crystals.  H.  =  5. 
(t.  =  2*97-3*15.    Colorless.    From  the  moraine  of  the  Gebroulaz  glacier  in  bavoy. 

Lawrencite.    Ferrous  chloride,  FeCl«.    Occurs  in  meteoric  iron. 

Cotmmite.  Lead  chloride,  PbCU.  In  acicular  crystals  (orthorhombic)  and  in  semi- 
t  rysui.linu  masses.  Soft.  G'  =  5*24.  Color  white,  yellowish.  From  Vesuvius;  also 
Lirapaca,  Cijili. 

Tysonite.  Fluoride  of  the  cerium  metals.  (Ce,La,Di)Ft.  In  thick  hexagonal  prisms,  and 
massive.  Cleavage :  e  i>erfect.  H.  =  4*5-6.  G.  =  618.  Color  pale  wax -yellow,  changing 
tu  yellowish  and  reddish  brown.    From  the  granite  of  Pike's  PeaK.  £1  Paso  Co.,  Colorado. 


/3  =  89**  49'. 

641. 


DRTOUTE.    Etsstein  Oerm. 
Mouoclinic.    Axes  A:i  :  6 

=  0-9663  :  1  : 1'3882  ; 

mm"',  110  A  110  =  88*    2'. 
cm,      001  A  110  =  89"  52'. 
et,        001  A  101  =  65'    2'. 

e*.  001  A  iOl  =  65*  17'. 
er.  001  A  Oil  =  54*  14', 
ep.  001  A  111  =  63'  18', 

rW^ 


Crystals  .often  cubic  in  aspect  and  ^onped  in  parallel 
position ;  often  with  twin  lamellae.    Massive,  cleavable. 

Cleavage:  c  most  perfect,  also  m,  it  (lOl)  somewhat 
less  so.  Fracture  uneven.  Brittle.  H.  =  2*5.  G.  = 
'^•95-3 '0.  Luster  vitreous  to  greasy;  somewhat  pearly 
on  c.      Colorless  to  snow-white,  sometimes  reddish   or 


J 

brownish  to  brick-red  or  even  black.     Transparent  to  translucent. 

Comp. — A  fluoride  of  sodium  and  aluminium,  Na,AlF,  or  3NaF.AlF,  = 
Fluorine  54*4,  aluminium  12*8,  sodium  32*8  =  100.  A  little  iron  sesquioxide 
is  sometimes  present  as  impurity. 

Pyr..  etc.— Fusible  in  small  fnigments  in  the  flame  of  a  candle.  B.B.  in  the  open  tube 
hrntcd  so  that  the  flnme  enters  the  tube  gives  off  hydrofluoric  acid,  etching  the  glass.  In 
the  forceps  fuses  verv  easily,  coloring  the  flame  yellow.  Ou  charcoal  fuses  easily  to  a  clear 
benii.  which  on  cooling  becomes  opaque;  after  long  blowing,  the  assav  spreads  out.  the 
fluoride  of  sodium  is  atMSorbed  by  the  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a 
crust  of  alumina  remains,  which,  when  heated  with  cobalt  solution  iu  O.F.,  gives  a  blue 
(olor.     Soluble  in  sulphuric  acid,  with  evolution  of  hvdrofluoric  acid. 

Di£ — Distinguished  by  its  extreme  fusibility,  and  its  yielding  hydrofluoric  acid  in  the 
open  tube.     Also  by  its  cleavages  (resembling  cubic  cleavage)  and  softness. 

Oba. — Occurs  in  a  bay  in  Arksukflord.  in  West  Greenland,  at  Ivigtut  (or  Evigtok). 
about  12  m.  from  the  Danish  settlement  of  Arksuk.  where  it  constitutes  a  large  l^d  in 
a  granitic  vein  in  a  gray  gneiss.  Crvolite  and  Its  alteration  products,  pachuolite.  thom- 
Beiiolite,  prosopite.  etc..  also  occur  in  limited  quantity  at  the  southern  base  of  Pike's 
Peak.  £1 1'aso  county.  Colorado,  north  and  west  of  Saint  Peter's  Dome. 

Named  from  Kpvoi,  fro$t,  Ai^oi,  $Ume,  hence  meaning  ice-itone,  in  allusion  to  the 
transliicency  of  the  white  cleavage  masses. 

Ohiolite.  5NaF.8A]Fs.  In  small  pyramidal  crystals  (tetragonal);  also  massive  granu- 
h*  H.  =3-5-4.  G.  =2-84-a-90.  Color  snow-white.  From  near  Miask  in  the  Ilmen 
Mts.;  also  with  the  Greenlaud  cryolite. 

Hieratite.  A  fluoride  of  potassium  nnri  MHron.  In  grayish  stalactltlc  concretions: 
Isometric.    From  the  fumaroles  of  the  cr.-itcr  of  Vulcano. 
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IL    Oxyohlorides,  Oxyfluorideg. 

ATAOABOTB. 

Orthorhombic.    Axes  d:l:i  =  0*6613  : 1  :  0-7515. 
^^  mm'!,  110  A  110  =  66*  67'.  rt'".  111  A  111  =  52'  48'. 

fdl^iS  ^»  Oil  A  oil  =  78'  51'.  mr,   110  A  HI  =  86'  lej'. 


Commonly  in  slender  prismatic  crystals,  vertically  striated.  la 
confused  crystalline  aggregates;  also  massive^  fibrous  or  granular  tu 
compact ;  as  sand. 

Cleavage:  i  highly  perfect.  Fracture  conchoidal.  Brittle.  II. 
=  3-3*5.  G.  =  3*75-3'77.  Luster  adamantine  to  vitreous.  Colur 
bright  green  of  various  shades,  dark  emerald-green  to  blackish  green. 
L  .  .^  Streak  apple-green.  Transparent  to  translucent, 
^^^^  Comp.— Cu.ClH.O.  or  CuCl,.3Cu{0H).  =  Chlorine  166,  copier 
14-9,  cupric  oxide  55*8,  water  12'7  =  100. 

pyr.,  eto. — ^Iq  the  closed  tube  gives  off  much  water,  and  forms  a  gray  sublimate.  B.B. 
on  charcoal  fuses,  coloring  the  O.R  azure-blue,  with  a  green  edge,  and  giving  two  coating*, 
one  brownish  and  the  other  grayish  white;  continued  blowing  yields  a  globule  of  meiailn. 
"^pper;  the  coatiugs,  touched  with  the  R.F.,  volatilize,  coloring  the  flame  azure-blue,  la 
acids  easily  soluble. 

Obs. — Originally  from  Atacama  in  the  northern  part  of  Chili;  also  found  elsewhere  in 
Chili  and  Bolivia;  with  malachite  at  Wallaroo  in  S.  Australia;  at  St.  Just  in  Cornwall.  In 
the  U.  8.,  with  cuprite,  etc.,  at  the  United  Verde  mine,  Jerome,  Arizona. 

Peroylite.  A  lead-copper  ox vchloride,  perhaps  PbCuOtHsClt.  In  sky-blue  cubes.  From 
Sonora,  Mexico;  Atacama;  Bolivia,  etc.  Boleite  from  Boleo,  near  Santa  Rosalia,  Lou  (rr 
California,  is  a  percylite  containing  a  little  silver.  Gumengite  is  the  same  in  crystals  appear- 
ing to  be  tetragonal. 

Matlookita.  Lead  oxychlorlde,  Pb,OCI,.  In  tabular  tetragonal  crystals.  Q.  =  7-21. 
Luster  adamantine  to  pearly.  Color  yellowish  or  slightly  greenish.  From  Cromford,  near 
Matlock,  Derbyshire. 

Mendipite.  Pb.CLCl,  or  PbCU.aPbO.  In  fibrous  or  columnar  masses;  often  radiatevl. 
H.  =  2-5-8.  G.  =  7-71.  Color  white.  From  the  Mendip  Hills,  Somersetshire,  Eoglaud: 
near  Brilon,  Westphalia. 

Laurlonita.  PbClOH  or  PbCL.Pb(OH),.  In  minute  prismatic  colorless  crystals  (ortho- 
rhombic),  in  ancient  lead  slaes  at  Laurion.  Greece.  Fledlerite,  associated  with  launonite, 
is  probably  also  a  lead  oxychloride;  in  colorless  monoclinic  crystals. 

Ponfieldite.    Pb.OCl,  or  Pb0.2PbCl,.    In  white  hexagonal  crystals.    Laurion,  Greece, 

Davieaite.  A  lead  oxvchloride  of  uncertain  composition.  In  minute  colorless  prismatic 
crystals  (orthorhombic).  from  the  Mina  Beatriz,  Sierra  Gorda,  Atacama. 

Sohwartzembergite.  Probably  Pt(I.Cl)8.2PbO.  In  druses  of  small  crystals;  also  in 
crusts.     G.  •=  6-2.     Color  honey-yellow.     Desert  of  Atacama. 

Pluocerite.  (Ce.La,Di),0F4.  Hexagonal.  H.  =  4.  G.  =  5-7-5-9.  Color  reddi^^h 
yellow.    From  Osterby  in  Dularne.  Sweden. 

Nocerite.  Perhaps  8(Ca,Mg)F,(Ca,Mg)0(?).  In  white  hexagonal  acicular  crystals  from 
bombs  in  the  tufa  of  Kocera,  Italy. 

Daubreeite.    An  earthy  yellowish  oxychloride  of  bismuth.    Fh>m  Boliyia* 
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in.  Hydroxui  Ohlorides,  Hydroxui  Fluorides,  etc. 

OARNAUJTB. 

Orthorhombic.     Crystals  rare.     Commonly  massive,  granular. 
No  distinct  cleavage.    Fracture  conchoidal.    Brittle.    H.  =  1.    G.  =  1-60. 
Luster  shining,  greasy.     Color  milk-white,  often   reddish.     Transparent  to 
tnmshicent.     Strongly  phosphorescent.     Taste  bitter.     Deliquescent. 

Comp.— KMgCl,.6H,0  or  KCl.MgCl,  +  6H,0  =  Chlorine  38-3,  potassium 
14  1,  magnesium  8-7,  water  39-0  =  100. 

Obs.— Occurs  at  Stassfurt,  in  beds,  alternating  with  thinner  beds  of  common  salt  and 
kicscrile. 

DouGLASiTB,  associated  with  camallite,  is  said  to  be  dKCl.FeCl,.2H,0. 

Bischofite.    MgCI,  +  6H,0.    CrystalllDe-granular;  colorless  to  wbite.    From  Leopoldt- 
iiiill,  Prussi  I. 

Eremenite.    ECl,NH«Cl.FeCl,  +  H,0.    In  red  octahedrons.    From  Vesuvius. 

Brythrosiderite.    2KCl.FeCli.H,0.     In  red  tabular  crystals.     Vesuvius. 

Tachhydrita.     CaC]a.2Mg01,  +  1^H,0.     In  wax-  to   honey-yellow  masses.      From 
Stassfurt. 


Flaemte.  AlFt  +  HaO.  In  colorless  or  white  rhombic  pyramids.  From  Stenna  Gwyn» 
Cornwall. 

Prosopito.  CaF,.2Al(F,0H)i.  In  monoclinic  crvstals,  or  granular  massive.  H.  =  4*5. 
(j.  =  2-88.  Colorless  white,  grayish.  From  Altenberg,  Saxony;  8t.  Peter's  Dome  near 
Pike's  Peak,  Colorado. 

Pachnolite  and  Thomsonolite.  occurring  with  cryolite  in  Greenland  and  Colorado,  have 
the  same  composition,  NaF.CaF,.AlF8  4- H,0.  Both  occur  in  monoclinic  prismatic 
crystals;  prismatic  angle  for  pachnolite,  28  86',  crystals  twins,  orthorhombic  in  aspect.  For 
thomsenoHte,  89*  40*,  crystals  often  resembling  cubes  (m,  c),  also  prismatic;  distinguished 
by  its  basal  cleavage;  also  massive. 

GearksuUte.    GaF,.Al(F,OH)aH,0.    Earthy,  clay-like.    Occurs  with  cryolite. 

Ralstonite.  (Na^HgjF,  8Al(F,OH)t.2H,0.  In  colorless  to  white,  isometric,  octa- 
bedrons.     H.  =  4*5.     6.  =  2'56-2'62.    With  the  Greenland  cryolite. 

Tallingite.  A  hydrated  copper  chloride  from  the  Botallack  mine,  Cornwall;  in  blue 
globular  crusts. 

Pooteita.  A  hydrous  oxychloride  of  copper  occurring  in  deep  blue  prismatic  crystals 
'moDOclinic)  at  the  Copper  Queen  mine.  Bisbee,  Arizona. 

Yttrocaiite.  (Y,Er,Ce^Fs.6CaF,.H,0.  Massive^cleavable  to  granular  and  earthy. 
EI.  =  4-5.  G.  =  8*4.  Color  violet-blue,  gray,  reddish  brown.  From  near  Falun, 
Sweden,  etc 
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V.  OXIDES. 
L  Oxides  of  Silicon. 
IL  Oxides  of  the  Semi-Metals:  Telluriunii  ArseniOi  Antimony, 
Bismuth;  also  Molybdenum,  Tungsten. 
nL  Oxides  of  the  Metals. 

The  Fifth  Class,  that  of  the  Oxides,  is  subdivided  into  three  secticn  = 
according  to  the  positive  element  present.  The  oxides  of  the  non-nutu. 
silicon  are  placed  by  themselves,  but  it  will  be  noted  that  the  compounds  oi 
the  related  element  titanium  are  included  with  those  of  the  metals  proper. 
This  last  is  made  necessary  by  the  fact  that  in  one  of  its  forms  TiO,  is 
isomorphous  with  MnO,  and  PbO,. 

A  series  of  oxygen  compounds  which  are  properly  to  be  viewed  as  salts. 
€.g,y  the  species  of  the  Spinel  Group  and  a  few  others,  are  for  convenience  also 
included  m  this  class. 


L  Oxides  of  Silicon. 

QUARTZ. 

Bhombohedral-trapezohedral.    Axis:  6  =:  1*09997. 


fy.  lOll  A  ilOl  =^  86-  46'. 
rt,  1011  A  0111  =  46«  16'. 
mr,  1010  A  1011  =  38'  l^. 


in*.  1010  A  Olil  =  66*  6^. 
WW,  lOiO  A  1121  =  87*  58'. 
wwj.  1010  A  6l6l  =  12*    r. 
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Crystals  commonly    prismatic,   with   the  m   faces  horizontally  striate^ii 

terminated  either  by  both  rhombohedrons,  or 
by  one  only;  the  predominating  rhonilo- 
hedron  is  in  almost  all  cases  r  (lOll),  Of  ten 
in  double  six-sided  pyramids  or  quartzoitis 
through  the  equal  development  of  r  and  z. 
when  r  is  relativelv  large  the  form  then  has 
a  cubic  aspect  {rr  ^  85°  46').  Crystals  fre- 
quently distorted,  when  the  correct  orieii ra- 
tion may  be  obscure  except  as  shown  by  tiu- 
striations  on  m.  Crystals  often  elongated  t> 
acicular  forms,  and  tapering  through  tl.f 
oscillatory  combination  of  successive  rhombr*- 
hedrons  with  the  prism.    Occasionally  twisted 

or  bent.  Frequently  in  radiated  masses  with  a  surface  of  pyramids,  or  in  driisoc'. 
Simple  crystals  are  either  right-  or  left-handed.     On  a  right  handed  crystal  (Fiu.  64^\ 

«,  if  present,  lies  to  the  right  of  the  m  face,  which  is  below  the  predominating  plus  rhonik- 
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ledroii  r,  aud  with  this  belong  the  plus  right  Irapezobedrons,  as  a?,  and  minus  left  trape- 
oliwirous  (cf.  Fig.  270,  p.  88),  also  a  ileft).  On  a  UJihanded  crystal  (Fig.  649>,  %  lies  lo  the 
pfi  of  the  tn  below  r.  aud  with  it  the  plus  left  and  minus  right  trapezohedrons,  also  a  (right). 
riie  n'ght-  aud  kft-handed  forms  occur  together  oulj  in  twins.  In  the  absence  of  tiape- 
loiiedral  faces  the  striations  on  $  (||  edge  r/m),  if  distinct,  serve  (o  distinguish  the  faces 
nnd  2,  and  heuce  sliow  the  right-  and  left-handed  character  of. the  crystals.  The  right- 
lui  left-handed  character  is  also  revealed  by  etching  (Art.  865)  and  by  pyro-electricity 
All.  420). 

Twins:  (1)  tw.  axis  (5,  axes  parallel.  (2)  Tw.  pi.  a,  sometimes  called  the 
Brazil  lata,  usually  as  irregular  penetration-twins  (Fig.  650).  (3)  Tw.  pi. 
:  (1132),  contact-twins,  the  axes  crossing  at  an  angle  of  84°  33'.  See  further 
).  127  aud  Figs.  392-394.  Massive  forms  common  and  in  great  variety^ 
)assing  from  the  coarse  or  fine  granulai*  and 
Tvstalline  kinds  to  those  which  are  flint-like 
ir  cryptocrystalline.  Sometimes  mammillary, 
talactitic,  and  in  concretionary  forms;  as 
rand. 

Cleavage  not  distinctly  observed;  some- 
imes  fracture  surfaces  (||  r,  z  and  m)  deyel- 
iped  by  sudden  cooling  after  being  heated 
see  Art.  258).  Fracture  conchoidal  to  sub- 
ionchoidal  in  crystallized  forms,  uneven  to 
plintei'y  in  some  massive  kinds.  Brittle  to 
ongh.  H.  =  7.  G.  =  2-653-2-660  in  crystals; 
ryptocrystalline  forms  somewhat  lower  (to 
!  «)0)  if  pure,  but  impure  massive  forms  (e.g., 
asper)  higher.  Luster  vitreous,  sometimes  Basal  section  in  polarized  light, show- 
rreasy;  splendent  to  nearly  dull.  Colorless  |n«  inierpenetration  of  nght-  and 
.lien  pure  ;  often  various  shades  of  yellow,  ^f  "^"'^^  P°'''^°''  ^^*  ^^^^■ 
t'd,   brown,    green,    blue,   black.      Streak 

diite,  of  pure  varieties ;  if  impure,  often  the  same  as  the  color,  but  much 
)aler.    Transparent  to  opaque. 

Optically  +.  Double  refraction  weak.  Polarization  circular ;  right- 
landed  or  left-handed,  the  optical  character  corresponding  to  right-  and  left- 
landed  character  of  crystals,  as  defined  above;  in  twins  (law  2),  both  right  aud 
eft  forms  sometimes  united,  sections  then  often  showing  Airy's  spirals  in  the 
)olariscope  (cf.  Art.  366,  p.  202,  and  Fig.  650).  Rotatory  power  proportional 
0  thickness  of  plate.  Refractive  indices  for  the  D  line,  co=  1'54418,  e  = 
•55328;  also  rotatory  power  for  section  of  1™"^  thickness,  a  =  21'71  (D  line)* 
^roelectric ;  also  electric  by  pressure  or  piezo-electric.  See  Arts.  420,  421. 
)n  etching-figures,  see  Arts.  2d5,  266. 

Comp. — Silica,  or  silicon  dioxide,  SiO,  =  Oxygen  53*3,  silicon  46*7  =  100. 

In  ninssive  varieties  often  mixed  with  a  little  opal  silica.  Impure  varieties  contain  iron 
xide.  calcium  carbonate,  clay,  sand,  and  various  minerals  as  inclusions 

Var.— 1.  Phenocbtstalline:  Crystallized,  vitreous  in  luster.  2.  Cryptocrystalline: 
•lint-like,  massive. 

The  first  division  includes  all  ordinary  vitreous  quartz,  \vhether  having  crystalline  fnoes 
r  not.  The  varieties  under  the  second  are  in  general  acted  upon  somewhat  more;  by 
tJrition.  an  I  by  chemical  agents,  as  hydrofluoric  acid,  than  thoso  of  the  first.  In  all  kinds 
ttade  up  of  layers,  as  agate,  successive  layers  are  unequally  eroded. 

A.    Phenocrybtalline  or  Vitreous  Varieties. 

Ordinary  CTy9Uillized;  Rock  Cb-ya^/ri.— Colorless  quartz,  or  nearly  so,  whether  in  distinct 
ryvf  lis  or  not.  Here  belong  the  Bristol  diamonds.  Lake  George  diamonds.  Brj\zilian 
>ebliles.  etc.     Some  variations  from  the  com:i!on  type  nre:  {a)  cavernous  crj'stals:  (b)  cap- 
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qtiartz  made  up  of  separable  layers  or  caps;  (c)  drusy  quartz,  a  crust  of  small  or  minute 
qunrtz  crystals;  ((f)  radiated  quartz,  often  separable  iu to  radiated  parts  haviug  pyratuidal 
lermiiiations;  («)  fibrous,  rarely  delicately  so  as  a  kiud  from  GriquHland  West,  South 
Africa,  altered  from  crocidolite  (see  caVt-eye  below,  also  crocidolite  p.  404). 

Aiieriated;  Star-gttartt, — CoDtainioK  within  the  crystal  whitish  or  colored  radiatious 
along  the  diametral  planes.    Occasionally  exhibits  distinct  asterism. 

Amethygtine;  Amethyst, — Clear  purple,  or  bluish  violet.   Color  perhaps  due  to  manganese 

lioM, — Rose-red  or  pink,  but  becoming  paler  on  exposure.  Common  massive.  Lusie? 
sometimes  a  little  greasy.    Color  perhaps  due  to  titanium. 

Yellow;  FaUe  Topa€  or  Ottrtne.— Yellow  and  pellucid;  resembling  yellow  topaz. 

Smoky;  Cairngorm  Stone. — Smoky-yellow  to  dark  smoky  brown,  and  often  trans- 
pnreut;  varyinff  to  brownish  black.  Color  is  probably  due  to  some  organic  compound 
<Forster).  Called  eaimgorme  from  the  locality  at  Cairngorm,  S.  W.  of  Banff,  in  Scotland. 
The  name  morion  is  ^iveu  to  nearly  black  yarieties. 

.Vf7/(^.— Milk-white  and  nearly  opaque.    Luster  often  greasy. 

Siderite,  or  Sapphire-quarU. — Of  indigo  or  Berlin-blue  color;  a  rare  variety. 

SagenUie.  —Inclosing  acicular  crystals  of  rutile.  Other  included  minerals  in  acicular 
forms  are:  black  tourmaline;  ffOthite;  stibnite;  asbestus;  actinolite;  hornblende;  epidote. 
Oat's- Bye  (Katzenauge  Qerm.,KE\\  de  Chat  Fr.)  exhibits  opalescence,  but  without  prismatic* 
colors,  especially  when  cut  en  eabochon^  an  effect  sometimes  due  to  fibers  of  asbestus. 
Also  present  in  the  siliceous  pseudomorphs,  after  crocidolite,  called  t^eyveye  (see  croddolitt) 
The  highly-prized  Oriental  cat's-eye  is  a  variety  of  chrysoberyl. 

Aventurine, — Spangled  with  scales  of  mica,  hematite,  or  other  mineral. 

Impure  from  the  pretence  of  dietinri  minerala  distributed  densely  through  the  msss. 
The  more  common  kinds  are  those  in  which  the  impurities  are:  (a)/grrti^»ii^titf  (Eisenkiesei 
Oerm.),  either  red  or  yellow,  from  anhydrous  or  hydrous  iron  sesquioxide;  (6)  cJUoritk^ 
from  some  kind  of  chlorite;  {c)  aetinolitie;  i^d)  micaeeoue;  {e)  (arenaceous,  or  sand. 

Containing  liquids  in  eatities.  The  liquid  usually  water  (pure,  or  a  mineral  solution!, 
or  M>me  petroleum-like  compound.  Quartz,  especially  smoky  quartz,  also  often  contains 
inclusions  of  both  liquid  ana  gaseous  carbon  dioxide. 

B.    Crtptocrtstalline  Yarietdbb. 

Chaleedony.^BsLving  the  luster  nearly  of  wax,  and  either  transparent  or  translucent 
Q.  7=  2-6-2-64.  Color  white,  grayish,  blue,  pale  brown  to  dark  brown,  black.  Also  of 
other  shades,  and  then  having  other  names.  Often  mammlllary,  botryoidal,  stalactitic. 
and  occurring  lining  or  filling  cavities  in  rocks.  It  often  contains  some  disseminated  opal- 
silica.  The  name  enhydros  is  given  to  nodules  of  chalcedony  containing  water,  sometimes 
in  large  amount.  Embraced  under  the  general  name  chalcedony  is  the  crystalline  form  of 
silica  which  forms  concretionaiy  masses  with  radial-fibrous  and  concentric  structure,  and 
which,  as  shown  by  Rosenbusch,  is  opticaUy  negative,  unlike  true  quartz.  It  has  n^  =  1*537; 
O.  =  2'59-2*64.  Often  in  sphenilites.  showing  the  spherulitic  interference-figure.  Luse^i- 
tite  of  Mallard  has  a  like  structure,  but  is  optically  -f  and  has  the  specific  gravity  and 
refractive  index  of  opal.     See  also  quartzine,  p.  828. 

CameUan.  Sard. — A  clear  red  chalcedony,  pale  to  deep  in  shade;  also  brownish  red 
to  brown. 

Chrysopritse. — An  apple-green  chalcedony,  the  color  due  to  nickel  oxide. 

Prase. — Translucent  and  dull  leek-green. 

Plasma. — ^Rather  bright  green  to  leek-green,  and  also  sometimes  nearly  emerald -green, 
and  subtranslucent  or  feebly  translucent.  Heliotrope,  or  Blood-stone,  is  the  same  stone 
essentially,  with  small  spots  of  red  jasper,  looking  like  drops  of  blood. 

Agate.^A  variegated  chalcedony.  The  colore  are  either  (a)  banded;  or  (b)  irregularly 
clouded;  or  (c)  due  to  visible  impurities  as  in  moss  agate,  which  has  brown  moss  like  o'r 
dendritic  forms,  as  of  manganese  oxide,  distributed  through  the  mass.  The  bands  are 
delicate  parallel  lines,  of  white,  pale  and  dark  brown,  bluish  and  other  shades;  they 
are  sometimes  straight,  more  often  waving  or  zigzag,  and  occasionally  concentric 
circular.  The  bands  are  the  edges  of  layers  of  deposition,  the  agate  having  been  fornioil 
by  a  deposit  of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks, 
and  deriving  their  concentric  waving  courses  from  the  irregularities  of  the  walls  of  the 
cavity.  The  layera  differ  in  porosity,  and  therefore  agates  may  be  varied  in  color  h} 
artificial  means,  and  this  is  done  now  to  a  large  extent  with  the  agates  cut  for  ornament. 
There  is  also  agatised  wood:  wood  petrified  with  clouded  agate. 

Onyx. — Like  agate  in  consislincr  of  luyei-s  of  different  colors,  white  and  black,  white  and 
red,  etc.,  but  the  layera  in  even  planes,  anil  the  banding  straight,  and  hence  its  use  for  cameo^. 
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&trd0npx.— hike  onyx  in  structure,  but  includes  layers  of  carnelian  (sard)  along  witl 
era  of  white  or  whitish,  and  brown,  and  sometimes  black  colors. 
Agate-jatper.—Axi  agate  consisting  of  jasper  with  veinings  of  chalcedony. 
8iliceou9  Hnter. — Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain 

silica  or  soluble  silicates  in  solution.    See  also  under  opal,  p.  329. 
Flint. — Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of  dull  colors,  usually 
y,  smoky  brown,  and  brownish  black.     The  exterior  is  often  whitish,  from  mixture 
h   lime  or  chalk,   iu  which  it  is  embedded.     Luster  barely  glistening,   subviireous. 
:uks  wiih  a  deeply  conchoidul  fracture,  and  a  sharp  cutting  edge.    The  flint  of  the 
ilk  formation  consists  largely  of  the  remains  of  diatoms,  sponges,  and  other  marine 
Auctions.     The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceous  matter. 
Dt  implements  play  an  important  part  among  the  relics  of  early  man. 
i/0r/<«^7i«.— Resembles  flint,  but  is  more  brittle,  the  fracture  more  splintery.    Chert  is  a 
m  uf  ten  applied  to  hornstone,  and  to  any  impure  tlinty  rock,  including  the  jaspers. 
Bifanite;  Lydian  Stone,  or  Toueh$ti(me,^lL  velvet- black  siliceous  stone  or  flinty  jasper, 
id  on  account  of  its  hardness  and  black  color  for  trying  the  purity  of  the  precious  metals, 
e  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienced 
i  the  amount  of  alloy.    It  is  not  splintery  like  hornstone. 

JcLsper, — Impure  opaque  colored  quartz;  commonly  red,  also  yellow,  dark  green  and 
lyisli  blue.     Striped  or  riband  jiuper  has  the  colors  in  broad  stripes.    Porcelain  jasper  is 
iiing  but  baked  clay,  and  differs  from  true  jasper  in  being  B.B.  fusible  on  the  edges. 
C.  Besides  the  above  there  are  also: 

(jhranular  (Quartz,  Quartz-roek,  or  Qtuirmite.^A  rock  consisting  of  quartz  grains  very 
nly  compacted;  the  grains  often  hardly  distinct.  Qwirteoie  Sand$iane,  Quarlz-eon- 
merate. — A  rock  made  of  pebbles  of  quartz  with  sand.  The  pebbles  sometimes  are 
per  and  chalcedony,  and  make  a  beautiful  stone  when  polished.  Itaeotumite,  or  Flexible 
ndstone. — A  friable  sand-rock,  consisting  mainly  of  quartz-sand,  but  containing  a  little 
ca.  and  possessing  a  degree  of  flexibility  when  in  thin  laminae.  Bu?irstone,  or  Burrstone. 
^  cellular,  flinty  rock,  having  the  nature  in  part  of  coai-se  chalcedony. 

Pseudomorphous  Quartz, — Quartz  appears  also  under  the  forms  of  many  of  the  mineral 
ccies,  which  it  has  taken  through  either  the  alteration  or  replacement  of  crystals  of  those 
ecies.  The  most  common  quartz  pseudomorphs  are  those  of  calcite,  barite,  fluorite,  and 
ierite.     SUicified  wood  is  quartz  pseudomorph  after  wood  (p.  258). 

P3rr..  etc. — B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass;  with  soda 
fflolves  with  effervescence:  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydro-^ 
toric  acid,  and  only  slightly  acted  upon  by  solutions  or  fixed  caustic  alkalies,  the  cirpto- 
y^stiilline  varieties  to  the  greater  extent.  Soluble  only  in  hydrofluoric  acid.  When  fused 
d  cooled  it  becomes  opal-silica  having  G.  =  2'2. 

Difif. — Characterized  in  crystals  bj  the  form,  glassy  luster,  and  absence  of  cleavage; 
»>  in  general  by  hardness  and  infusibilitv. 

Easily  recognized  in  rock  sections  by  its  low  refraction  ("low  relief,"  p.  170)  and  low 
rcfringence  ( e  —  a?  =  0'009);  the  interference  colors  in  ^ood  sections  not  rising  above 
illow  of  the  first  order;  also  by  its  limpidity  and  the  positive  uniaxial  cross  yielded  by 
Litil  sections  (p.  203,  note),  which  remain  dark  when  revolved  between  crossed  nicols, 
3Dimonly  in  formless  grains  (granite),  also  with  crystal  outline  (porphyry,  etc.). 

Ohn.— ^Quartz  is  an  essential  component  of  certain  igneous  rocks,  as  granite,  granite- 
)rpliyry,  quartz-porphyry  and  rhyolite  in  the  granite  group;  in  such  rocks  it  is  commonly 

formless  grains  or  masses  filling  the  interstices  between  the  feldspar,  as  the  last  product 

crystallization.  Fuilher  it  is  an  essential  constituent  in  quartzdiorite,  quartz-diorite 
)rphyry  and  dncites  in  the  diorite  group;  in  the  porphyries  frequently  in  distinct  crystals. 

occurs  nlso  as  an  accessory  in  other  feldspathic  igneous  rocks,  such  as  syenite  and  trachyte. 
moD^  the  metamorphic  rocks  it  is  an  essential  component  of  certain  varieties  of  gneiss,  of 
mrtzite.  etc.  It  forms  the  mass  of  common  sandstone.  It  occurs  as  the  vein-stone  iu 
irious  rocks,  and  for  a  large  part  of  mineral  veins;  as  a  foreign  mineral  in  some  limestones, 
c,  making  geodes of  crystals,  or  of  chalcedony,  agate,  carnelian,  etc. ;  as  embedded  nodules 
r  masses  in  various  limestones,  constituting  the  flint  of  the  Chalk  formation,  tlie  hornstone 
r  other  limestones— these  nodules  sometimes  becoming  continuous  layers;  as  masses  of 
ksper  occasionally  in  limestone.  It  is  the  principal  material  of  the  pebbles  of  gravel-beds, 
nci  of  the  sands  of  the  seashore,  and  sandbeds  everywhere.  In  graphic  granite  {pegmatite) 
^e  quartz  individuals  are  arranged  in  parallel  position  in  feldspar,  the  angular  particles 
esembling  written  characters.  The  quartz  grains  in  a  fi-agmental  sandstone  are  often 
i^nnd  to  have  undergone  a  secondary  growth  by  the  deposition  of  crystallized  silica  with 
Ike  orientation  to  the  original  nucleus. 
Switzerland  Dauphme,  Piedmont,  the  Carrara  quarries,  and  numerous  other  foreign 
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localities,  afford  fine  specimens  of  rock  crystal;  also  Japan,  whence  the  beauiiful  crysial 
spheres,  in  rare  cases  up  to  6  inches  in  diameter.  Sinoky  quartz  crystals  of  great  henurv. 
and  often  highly  complex  in  form,  occur  at  many  points  in  the  central  Alps,  nUo  &l 
Cairngorm.  Scotland.  The  most  beautiful  amethysts  are  brought  from  India.  Ceylou,  &Li 
Persiii,  also  from  Brazil;  inferior  speciiitens  occur  iu  Transylvania.  The  finest  ctirtuii'ini  au<: 
agnte$  are  found  in  Arabia,  India,  Bmzil,  Surinam,  also  formerly  at  Obeisteiu  uud  Stixotiv 
Scotlund  affords  smaller  but  handsome  specimens  (Scotch  pebbles).  The  banks  o!  the  >ii< 
afford  the  Eevptian  jasper;  the  striped  jasper  is  met  with  iu  Siberia,  Saxony,  nud  Devt>usi,i;( . 

In  New  York,  quartz  crystals  are  abundant  in  Herkimer  Co.,  at  Middieville.  Lui:r 
Falls,  etc.,  loose  in  cavities  in  the  Calciferous  sand-rock,  or  embedded  iu  louse  cti.u. 
jPiue quartzoids,  at  the  beds  of  hematite  iu  Fowler,  Hernuiu,  and  Edwards.  Si.  Lsiv^rcncv 
Co.,  also  at  Antwerp,  Jefferson  Co.  On  the  banks  of  Laidlaw  Lake,  Bossle,  large  impiubU- 1 
crystals;  at  Ellenville  lead  mine,  Ulster  Co  .  in  fine  groups.  At  Paris,  Me.,  handsofn*. 
crystals  of  brown  or  smoky  quartz.  Beautiful  colorless  crystals  occur  at  Hot  Springs, 
Arkansas.  Alexander  Co.,  N.  C,  has  afforded  great  numbers  of  highly  complex  crys>i&.^, 
with  rare  modifications,  line  crystals  of  smoky  quartz  come  from  the  granite  of  the  Pike's 
Peak  region,  Colorado.  G^eodes  of  quartz  crystals,  also  enclosing  calcite,  sphalerite,  eic. 
are  common  in  the  Keokuk  limestone  of  the  west. 

jBms  quartt  occurs  at  Albany  and  Paris,  Me.;  Acworth,  N.;  H.  Southbuiy.  Conn. 
Ameihy$U  in  trap,  at  Keweenaw  Point,  Lake  Superior;  Specimen  Mt ,  Yellowstone  Park: 
in  Pennsylvania,  in  East  Bradford,  Chester,  and  Providence  (one  fine  crystal  over  7  lbs.  Id 
weight),  in  Chester  Co.;  at  tbe  Prince  vein.  Lake  Superior;  large  crystals,  near  Greeu^b<>ro. 
N.  C;  crystallized  green  quartz,  in  talc,  at  Providence,  Delaware  Co.,  Peun.  ChaUedoi^y 
and  agate%  abundant  and  beautiful' on  N.  W.  shore  of  Lake  Superior.  Bed  jasi)er  is  fiMinJ 
on  Suffar  Loaf  Mt.,  Maine;  in  pebbles  on  the  banks  of  the  Hudson  at  Troy;  yellow.  w:ih 
chalcedony,  at  Chester.  Mass.  AgatizetT  and  jasperized  wood  of  great  beauty  and  varier 
of  color  is  obtained  from  the  petrified  forest  called  Chalcedony  Park,  near  Carrizo,  AimrhV 
Co.,  Arizona;  also  from  the  Yellowstone  Park:  near  Florissant  and  elsewhere  iu  Colonido; 
Amethyst  Mt.,  Utah;  Napa  Co.,  California.  Moss  agates  from  Humboldt  Co.,  Nevada. 
and'  many  other  points. 

The  word  quartz  is  of  Gkrman  provincial  origin.  Agate  is  from  the  name  of  the  river 
Achates,  in  Sicily,  whence  specimens  were  brought,  as  stated  by  Theophrastus. 

QuAKTzrNiB  is  a  name  which  has  been  given  to  a  form  of  silica  which  is  present  in 
chalcedony  and  is  inferred  to  be  triclinic  in  crystalline  structure.    LutedU  belongs  here. 

TRIDYMITB. 

Hexagonal  or  pseudo-hexagonal.  Axis  b  =  1-6530.  Crystals  usually  minute, 
thin  tabular  ||  c\  often  in  twins;  also  united  in  fan-shaped  groups. 

Cleavage:  prismatic,  not  distinct;  parting  ||  c,  sometimes  observed.     Frac- 
ture conchoidal.     Brittle.     H.  =  7.     G.  =  2-28-2-33.     Luster  vitreous,  on 
pearly.    , Colorless  to  white.     Transparent.     Optically  -|-.     Often  exhibits 
anomalous  refraction  phenomena. 

Comp.— Pure  silica,  SiO,,  like  quartz. 

P3rr.,  etc.— Like  quartz,  but  soluble  in  boiling  sodium  carbonate. 

Obs.--0ccurs  chiefly  in  acidic  volcanic  rocks,  trachyte,  andesite,  liparite,  less  often  in 
dolerlle;  usually  in  cavities,  often  associated  with  sanidine,  also  hornblende,  augl»p,  hema- 
tite; sometimes  in  opal.  First  observed  in  crevices  and  druses  in  an  augite-andesite  fmr 
the  Cerro  San  Cristobal,  near  Pachuca,  Mexico;  later  proved  to  he  rather  ireiiemlly 
distributed.  Thus  in  trachyte  of  the  Siebengebirge;  of  Euganean  Hills  in  N.  ItJily;  V\\y 
Capucin  (Mont-Dore)  in  Central  Prance,  etc.  In  the  ejected  masses  from  Vesuvius  o-  - 
sisiing  chiefly  of  sanidine.  With  quartz,  feldspar,  fayahte  in  llthophyses  of  Obsidian  cliff. 
Yellowstone  Park.     In  the  andesite  of  Mt.  Rainier,  "V^ashington. 

Named  from  rptdv^o?,  threefold,  in  allusion  to  the  common  occurrence  in  trilliuirs. 

AsMANiTB.  A  form  of  silica  found  in  the  meteoric  iron  of  Breitenbach,  in  very  mimre 
grains,  probably  identical  with  tridymite;  by  some  referred  to  the  orthorhombic  f^ysiem. 

Cribtobalitk.  Christobalife.  Silica  in  white  octahedrons  (pseudo-isometric?).  G  = 
2-27.     With  tridymite  in  andesite  of  the  Cerro  S.  Cristobal,  Pachuca.  Mexico. 

Melakophlooite.  In  minute  cubes  and  spherical  agffregates.  Occurring  with  oalcite 
and  celestite  implanted  upon  an  incrustation  of  opaline  silica  over  the  sulphur  crystals  v' 
Girgenti,  Sicily.  Consists  of  SiO,  with  5  to  7  p.  c.  of  SO..  The  mineral  turns  black 
au[)evficially  when  heated  B.B. 
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OPAL. 

Amorphous.  Massiye;  sometimes  small  reniform,  stalactitic^  or  large 
uberose.     Also  earthy. 

11.  =  5-5-C-5.  G.  =  r9~2*3;  when  pure  2-l-2'2.  Luster  vitreous,  frequently 
ubvitreous;  often  inclining  to  resinous,  and  sometimes  to  pearly.  Color  white, 
ellow,  red,  brown,  green,  gray,  blue,  generally  pale  ;  dark  colors  arise  from 
ureigu  admixtures;  sometimes  a  rich  play  of  colors,  or  different  colors  by 
efracted  and  reflected  light.  Streak  white.  Transparent  to  nearly  opaque. 
I,  =  1-44-1 -45. 

Often  shows  double  refraction  similar  to  that  observed  in  colloidal  substances  due  to 
L'C^iou.  The  cause  of  the  play  of  color  in  the  precious  opal  was  investigated  by  Brewster, 
ho  ascribed  it  to  the  presence  of  microscopic  cavities.  Behrends,  however,  hus  given  a 
toiiogi-aph  on  the  subject  (Ber.  Ak.  Wien,  64  (1),  1871),  and  has  shown  that  this  explanation 
•  incorrect;  he  refers  the  colors  to  thin  curved  lamellse  of  opal  whose  refractive  power  may 
iifer  by  0*1  from  that  of  the  mass.  These  are  conceived  to  have  been  originally  formed  in 
aiallel  position,  but  have  been  changed,  bent,  and  finally  cracked  and  broken  in  the 
jlidificatiou  of  the  grouudmass. 

Comp. — Silica,  like  quartz,  with  a  varying  amount  of  water,  SiO,,wH,0. 
'lie  water  is  sometimes  regarded  as  non-essential. 

The  opal  condition  is  one  of  lower  degrees  of  hardness  and  specific  gravity,  and,  as 
eiieniUy  believed,  of  incapability  of  crystallization.  The  water  present  varies  from  2  to  18 
.  c.  or  more,  but  mostly  from  3  to  9  p.  c.  8maU  quantities  of  ferric  oxide,  alumina,  lime» 
lagnesia,  and  alkalies  are  usuallv  present  as  impurities. 

Var. — Precious  Opaj.— Exhibits  a  play  of  delicate  colors. 

Fire-apdL. — Hyacinth- red  to  honey-yellow  colors,  with  fire-like  reflections,  somewhat 
ised  ou  turning. 

Giriuol.—BXMX^h  white,  translucent,  with  reddish  reflections  in  a  bright  light. 

Common  Opal.^lti  part  translucent;  (a)  milk-opal,  milk-white  to  greenish,  yellowish, 
luisb;  (b)  Resin-opal,  wax-,  honey-  to  ocher-yellow,  with  a  resinous  luster;  (e)  dull  olive- 
reen  and  mountain-green;  (d)  brick  red.  Includes  Semiopal;  (e)  Hydropihane,  a  variety 
»hich  becomes  more  translucent  or  transparent  in  water. 

Cacholong. — Opaque,  bluish  white,  porcelain-white,  pale  yellowish  or  reddish. 

Opal-^g<Ue.-~AgtLie-\ike  in  structure,  but  consisting  of  op<U  of  different  shades  of  color. 

MenUiU. — In  concretionary  forms;  opaque,  dull  grayish. 

Jatp-opal.  Opaljasper.—Opal  containing  some  yellow  iron  oxide  and  other  impurities, 
Dd  having  the  color  of  yellow  jasper,  with  Uie  luster  of  common  opal. 

Wood-opal.    Holz-opal  Osrm, — Wood  petrified  by  opal. 

HyalUe.  MuUer's  Glass. — Clear  as  glass  and  colorless,  constituting  globular  concretions, 
nd  crusts  with  a  globular  or  botryoidal  surface;  also  passing  into  translucent,  and  whitish. 
^ess  readily  dissolved  in  caustic  alkalies  than  other  varieties. 

Fiorite,  Silieeotis  Winter.— Includes  translucent  to  opaque,  grayish,  whitish  or  browfiish 
KTuMations,  porous  to  firm  in  texture:  sometimes  fibrous-like  or  filamentous,  and.  when 
1.  i^early  in  luster  (then  called  Pearl-sinier);  deposited  from  the  siliceous  waters  of 
oi  springs. 

Geyseriie. — Constitutes  concretionary  deposits  about  the  geysers  of  the  Yellowstone  Park, 
relnnd,  and  New  Zealand,  presenting  white  or  grayish,  porous,  stalactitic.  filamentous, 
dulitlower  like  forms,  often  of  great  l^uty;  also  compact-massive,  and  scaly- massive. 

Float  stone. — In  light  porous  concretionary  masses,  white  or  grayish,  sometimes  cuvern- 
05,  rough  in  fracture. 

TripoliU. — Formed  from  the  siliceous  shells  of  diatoms  (hence  called  diatomife)  and 
tiier  microscopic  species,  and  occurring  in  extensive  deposits.  Includes  Infusorial  Eartfi, 
r  Earthy  Tripolits.  a  very  fine-grained  earth  looking  often  like  an  earthy  chalk,  or  n  clay, 
ut  hnrsh  to  the  feel,  and  scratcning  glass  when  rubbed  on  it. 

P3nr.,  etc. — Yields  water.  B.B.  infusible,  but  becomes  opaque.  Some  yellow  vjirietiea. 
nntaininff  iron  oxide,  turn  red.  Soluble  in  hydrofluoric  acid  somewhat  more  readily  than 
oartz:  al^  soluble  in  caustic  alkalies,  but  more  readily  in  some  varieties  than  in  others. 

Obs. — Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  as  trachyte,  por- 
hyry,  also  in  some  metallic  veins.  Also  embedded,  like  flint,  in  limestone,  and  sometimes, 
ke  other  quartz  concretions,  in  argillaceous  beds;  formed  from  the  5«n*c«ou««  'n-nfers  of 
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some  hot  springs;  often  resulting  from  the  mere  accumnlation,  or  accumulation  and  pailial 
aoliitiou  uud  solidificntion,  of  the  siliceous  shells  of  inrusoriu,  of  sponge  spicules,  ttc. 
which  consist  esstintially  of  opai-silica.  'I  he  last  mentioned  is  the  probable  source  of  the 
opal  of  limestones  and  argillaceous  beds  (as  it  is  of  flint  in  the  same  rocks),  and  of  part  of 
that  ill  igneous  rocks.    It  exists  in  most  chalcedony  and  flint. 

Precious  opal  occurs  in  porphvry  at  Czerwenitza,  near  Kashau  in  Hungary;  at  Gracias  a 
Dios  in  Honduras;  Queretaro  in  Mexico;  a  beautiful  blue  opal  on  Bulla  Creek,  Queensland. 
Fire-opal  occurs  at  Zlmapan  in  Mexico;  the  FftrOer;  near  Ban  Antonio,  Honduras.  Cotnmon 
opal  is  nbuudant  at  Telkeb&nya  in  Hungary;  near  Pernstein,  etc.,  in  Moravia;  in  Bohemifi; 
Stuiizelberg  in  8iebengebirge;  in  Iceland.  Hyalite  occurs  in  amygdaloid  at  Schemnitz. 
Hungary;  in  clinkstone  at  Waltsch,  Bohemia;  at  Ban  Luis  Potosi,  Mexico. 

In  U.  S.,  hyaUU  occurs  sparingly  in  connection  with  the  trap  rock  of  Kew  Jersey  and 
Connecticut.  A  water- worn  specimen  of  fire-opal  has  been  found  on  the  John  Davis  river, 
in  Crook  Co.,  Oregon. 

Common  opal  is  found  at  Cornwall,  Lebanon  Co ,  Penn.;  at  Aquas  Calientes,  Idaho 
Springs,  Colo.;  a  white  variety  at  Mokelumne  Hill,  Calaveras  Co.,  Cal.,  and  on  the  Mt. 
Diablo  range.  Geyserite  occurs  in  ereat  abundance  and  variety  in  the  Yellowstone  reeion 
(cf.  above);  also  siliceous  sinter  at  Steamboat  Springs,  Nevada.  Other  localities  are  giTeo 
by  Eunz,  Gkms  and  Precious  Stones  of  N.  A.,  1890. 


n.  Oxides  of  the  Semi-Metals;  also  Molybdenum,  Tungsten. 

Anenollte.    Arsenic  trioxide,  As^Os.    In  isometric  octahedrons;  in  crusts  and  earthy. 
Colorless  or  white.     G.  =  8*7.     Occurs  with  arsenical  ores. 

Olaudetite.     Also  As«Oi,  but  monocllnic  in  form. 

Senarmontite.    Antimony  trioxide.     SbsOi.     In  isometric  octahedrons:  in  crusts  and 
granular  massive.     G.  =  5  3.    Colorless,  grayish.     Occurs  with  ores  of  antimony. 

Valentinite.     Also  8b<Oi,  but  in  prismatic  orthorhombic  crystals. 

Bismite.    Bismuth  trioxide,  BisOi.    Pulverulent,  earthy;  color  straw-yellow. 

Tellurite.    Tellurium  dioxide.  TeO,.     In  white  to  yellow  slender  prisuiatic  crystals. 

Molybdite.    Molybdenum  trioxide,  M0O3.   In  capillary  tufted  forms  and  earthy.    Co^or 
straw-yellow. 

Tungstite.    Tungsten  trioxide,  W0$.    Pulverulent,  earthy;  color  yellow  or  yellowish 
green. 

Oerraniite.    Sb«03.Sb«0».    In  yellow  to  white  acicular  crystals;   also  massive,  pul- 
verulent. 

Stibiconlte.    HsSbsO».    Massive,  compact.    Color  pale  yellow  to  yellowish  white. 


m.  Oxides  of  the  Metals. 
A.  Anhydrous  Oxides. 

I.  Protoxides,  R,0  and  RO. 

II.  Sesquioxides,  R,0,. 

mil 

III.  Intermediate,  RR.O,  or  RO.R,0„  etc. 

IV.  Dioxides,  RO,. 

The  Auhydrons  Oxides  include,  as  shown  above,  three  distinct  division?, 
the  Protoxides,  the  Sesquioxides  and  the  Dioxides.  The  remaining  Inter- 
mediate division  embraces  a  number  of  oxygen  compounds  which  are  properlj 
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to  be  regarded  chemically  as  salts  of  certain  acids  (alumiuates,  ferrates,  etc.); 
iiere  is  included  the  well-characterized  Spinel  Group. 


Among  the  Protoxides  the  only  distinct  groiip  is  the  Periclase  Group, 
which   includes  the  rare  species  Periclase,  MgO,  Manganosite,  MnO,  and 


jt  group 

e,  MgO,  ^ 

ihinsenite,  NiO.    All  of  these  are  isometric  in  crystallization. 

The  Sesquioxides  include  the  well -characterized  Hematite  Group,  R,0,. 
The  Dioxides  include  the  prominent  Eutile  Group,  EO,.  Both  of  these 
groups  are  further  defined  later. 


1.  Protoxides,  B,0  and  EO. 

OUPBITB.    Bed  Copper  Ore.    Rotbktipfererz  Osrm, 

Isometric-plagihedral.      Commonly  in   octahedrons;    also  in  cubes  and 
dodecahedrons,  often  highly   modified.     Plagihedral 
faces  sometimes  distinct  (see  pp.   50,  51).     Also  mas- 
sive, granular;  sometimes  earthy. 

Cleayage:  o  interrupted.  Fracture  conchoidal, 
uneven.  Brittle.  H.  =  3-5-4.  G.  =  5-85-615. 
Luster  adamantine  or  submetallic  to  earthy.  Color 
red,  of  various  shades,  particularly  coch meal-red, 
soQietimes  almost  black;  occasionally  crimson-red  by 
transmitted  light.  Streak  several  shades  of  brownish 
red,  shining.  Subtransparent  to  sabtranslucent.  Ee- 
fractive  index,  w^  =  2*849  Fizeau. 

Var.— 1.  Ordinary,    (a)  Crystallized;    commonly  in  octa-  nzona. 

hedrons.  dodecahedrons,  cubes,  and  intermediate  forms;  the  crystals  often  with  a  crust  of 
malacliite;  (b)  massive. 

2.  Capillary ;  ChaleotriehUe.  Plush  Copper  Ore.  In  capillary  or  aclcular  ciystalliza- 
tioDs,  which  are  sometimes  cubes  elongated  in  the  direction  of  the  cubic  axis. 

8.  EarViy ;  Tile  Ore,  Zicgelerz  Oerm,  Brick-red  or  reddish  brown  and  earthy,  often 
mixed  with  red  oxide  of  iron;  sometimes  nearly  black. 

Comp. — Cuprous  oxide,  Cu,0  =  Oxygen  11'2,  copper  SB'S  =  100. 

Pyr.,  etc. — Unaltered  in  the  closed  tube.  B.B.  in  the  forceps  fuses  and  colors  the 
flame  emerald  green.  On  charcoal  first  blackens,  then  fuses,  and  is  reduced  to  metallic 
(opper.  With  the  fluxes  gives  reactions  for  copper.  Soluble  in  concentrated  hydrochloric 
acid,  and  a  strong  solution  when  cooled  and  diluted  with  cold  water  yields  a  heavy,  white 
precipitate  of  subchloride  of  copper. 

Diff. — ^Distinguished  from  hematite  by  inferior  hardness,  but  is  harder  than  cinnabar 
and  proustite  and  differs  from  them  in  the  color  of  the  streak;  reactions  for  copper,  B.B., 
an*  conclusive. 

Obs. — Occurs  at  Eamsdorf  in  Thuringia;  in  Cornwall,  in  fine  crystals,  at  Wheal  Gorlnnd 
and  otheT  mines;  in  Devonshire  near  Tavistock;  in  isolated  crystals,  more  or  less  altered  to 
iiinliirhifH,  at  Chessy,  near  Lyons,  France;  in  the  Ural;  South  Australia;  also  abundant  in 
Chili.  Fern.  Bolivia. 

Ill  the  U.  S.  observed  at  Somerville,  etc.,  N.  J.;  at  Cornwall.  Lebanon  Co.,  Pa.:  in  the 
Lake  Superior  region.  With  malachite,  Hmonite,  etc  ,  at  the  Copper  Queen  mine,  Bisbec, 
Arizona,  sometimes  in  fine  crystals;  beautiful  ehaleotriehiU  at  Morenci;  at  Clifton,  Graham 
Co.,  in  crystals,  and  massive. 

Ice.  H.O.  Hexagonal.  Familiarly  known  in  six-rayed  snow  crystals;  also  coating 
ponds  in  winter,  further  as  glaciers  and  icebergs. 

Periclase  Group. 

Periclase.  Magnesia,  MgO.  In  cubes  or  octahedrons,  and  in  grains.  Cleavnge  cubic. 
H  =  6.  G.  —  8-67-3  90.  Occurs  in  white  limestone  nt  Mt.  Somma;  at  the  Kitteln  nianga- 
tit  si:  'nine,  Nortimark,  Sweden. 
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Manganonta.  Manganese  protoxide,  MnO.  lu  isometric  octahedrons.  Cleavage  cubic. 
H.  =  5-6.  G.  =518.  Color  ememld-greeu,  becoming  black  on  exposure.  From  L^ugbtm 
and  Nordmark,  Sweden. 

Bunsenite.    Nickel  protoxide,  NiO.   In  green  oclabedroiis.    FromJohanngeorgenstadu 


ZINOrm.    Red  Oxide  of  Zinc.    Red  Zink  Ore.     Rothzinkerz  Qerm. 
Ihxagonal-hemimorphic.     Axis  t  =  1-6219.     Natural   crystals  rare  (Fig. 
50,  p.  18);  usually  foliated  massive,  or  in  coarse  particles  and  grains;  also  wicli 
gnihuiar  structure. 

Ck'uvage:  c  perfect;  prismatic,  sometimes  distinct.  Fracture  subconchoidai. 
Brittle.  H.  =  4-4*5.  G.  =  5 '43-5 '7.  Luster  subadamantine.  Streak  orange- 
yellow.  Color  deep  red,  also  orange-yellow.  Translucent  to  sub  translucent 
Optically  +. 

Comp.— Zinc  oxide,  ZnO  =  Oxygen  19*7,  zinc  80-3  =  100.  Manganese 
protoxide  is  sometimes  present. 

Pyr.,  etc. — 6.B.  infusible;  with  the  fluxes,  on  tbe  platinum  wire,  gives  reactions  for 
manganese,  and  on  charcoal  In  R.F.  gives  a  coating  of  zinc  oxide,  yellow  while  hot.  and 
white  on  cooling.  The  coiitinr.  moistened  with  cobalt  solution  and  treated  in  O.F.,  assumes 
a  green  color.    Soluble  in  acids. 

Din— Characterized  by  its  color,  particularly  that  of  tbe  streak;  by  cleavage;  bj 
reactions  B.B. 

Obs. — Occurs  with  franklinite  and  willemite,  at  Sterling  Hill  near  Ogdensburg,  nud  nt 
Mine  Hill,  Franklin  Furnace,  Sussex  Co.,  K.  J.,  sometimes  in  lamellar  masses  in  piuk 
calcite.     A  not  uncommon  furnace  product. 

Massicot    Lead  monoxide,  PbO.    Massive,  scaly  or  earthy.    Color  yellow,  reddish. 

Tenoiite.  Cupric  oxide,  CuO.  In  minute  black  scales  with  metallic  luster;  from 
Vesuvius.  Also  black  earthy  massive  {mektconiie);  occurring  with  ores  of  copper  as  at 
Ducktown,  Tenn.,  and  Keweenaw  Point,  Lake  Superior. 

Paramelaconite  is  essentially  cupric  oxide,  CuO,  occurring  in  black  pyramidal  crystals 
referred  to  the  tetragonal  system.    From  the  Copper  Queen  mine,  Bisbee,  Arizona. 


Hematite  Group.    B,Oi.    Rhombohedral. 

Comndnm 

rr' 
A1,0,                                                     93°  56' 

6 
1-3630 

Hematite 

Fe,0.                                                    94°    0' 

1-3656 

nmenite 

(Fe,Mg)O.TiO,  Tri-rhombohedral      94°  29' 

1-3846 

Pyrophanite 

MnO.TiO,                     «                      94°    5i' 

1-3692 

The  Hematitb  Group  embraces  the  sesquioxides  of  alumininm  and  iron. 
These  compounds  crystallize  in  the  rhombohedral  system  with  a  fundamental 
rhombohedron  differing  but  little  in  angle  from  a  cube.  Both  the  minerals 
belonging  here,  Hematite  and  Corundum,  are  hard^ 

To  these  species  the  titanates  of  iron  (and  magnesium)  and  manganese, 
Ilmenite  and  Pyrophanite,  are  closely  related  in  form  though  belonging  to  tbe 
tri-rhorabohedral  group  (phenacite  type);  in  other  words,  the  relation  between 
hematite  and  ilmenite  may  be  regarded  as  analogous  to  that  between  caloi:t^ 
and  dolomite.  It  is  to  be  noted,  further,  that  hematite  often  contains  titanium, 
and  an  artificial  isomorphous  compound,  Ti,0„  has  been  described.  Ilenc'-* 
the  ground  for  writing  the  formula  of  ilmenite  (Fe,Ti),0„  as  is  done  by  soni? 
authors.  It  is  shown  by  Penfield,  however,  that  the  formula  (Fe,Mg)TiO,  is 
more  correct. 
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OORUNBUM. 

Rhombohedral.  Axis  6=^1' 
cr,  0OOlAlOil=57*84'. 
en,  0O0lA2S48  =  6r  11'. 
rK,  10llAil01=98'66'. 
nn\  23i3A2423  =  51"  68'. 
ft',  4488A4848  =  67*  88'. 
««',    2a4lA3421  =  58*66'. 

Twins:  tw. pi. r;  sometimes 
teiietration-twins;  often  poly- 
YDthetic,  and  thus  producing 
laminated  structure.  Crys- 
als  usually  rough  and  rounded. 
Jso  massiye,  with  nearly  rect- 
Dgiilar  partins^  or  pseudo- 
ledvage;  granular^  coarse  or 
ue. 

Parting:  c,  sometimes  per- 
^t,  but  interrupted;  also  r  due  to  twinnin^^  often  prominent;  a  less  distinct. 
Tauture  uneven  to  conchoidal.  Brittle,  when  compact  very  tough.  H.  =  9. 
r.  =  3-95-4*10.  Luster  adamantine  to  vitreous;  on  c  sometimes  pearly.  Oo- 
asionally  showing  asterism.  Color  blue,  red,  yellow,  brown,  gray,  and  nearly 
'bite;  streak  uncolored.  Pleochroic  in  deeply  colored  varieties.  Transparent 
}  translucent.  Normally  uniaxial,  negative;  for  sapphire  (»,=  1'7676  to 
•7682  and  €,  =  1-7594  to  1-7598  Dx.    Often  abnormally  biaxial. 

Var. — There  are  three  suhdiyisioDs  of  the  species  promineDtly  recognized  in  the  arts,  but 
iffering  only  in  purity  and  state  of  crystallization  or  structure. 

Var.  1.  Saffhirk,  Rubt. — ^Includes  the  purer  kinds  of  fine  colors,  transparent  to  trans- 
iceni,  useful  as  gems  Btones  are  named  according  to  their  colors:  Sapphire  blue;  tnio 
y>y,  or  Oriental  Buby,  red;  0.  Topax,  yellow;  0.  Emerald,  green;  0.  Amsihytt,  purple. 
.  variety  having  a  stellate  opalescence  when  viewed  in  the  direction  of  the  veitical  axis  of 
le  crystal,  is  the  Anteriaied  Sapphire  or  Star  Sapphire. 

2.  CoBUifDUM. — ^Includes  the  kinds  of  dark  or  dull  colors  and  not  transparent,  colors 
gilt  blue  to  gray,  brown,  and  black.  The  original  adamantine  spar  from  India  has  a  dark 
ravish  smoky-bmwn  tint,  but  greenish  or  bluish  bv  transmitted  light,  when  translucent. 

3  Emert.  Schmirgel  Germ. — Includes  granular  corundum,  of  black  or  gravishblack 
>1<)r.  and  contains  magnetite  or  hematite  intimately  mixed.  Sometimes  associated  with 
on  spinel  or  hercynite.  Feels  and  looks  much  like  a  black  fine-grained  iron  ore,  which  it 
as  long  considered  to  be.  There  are  gradations  from  the  evenly  fine  grained  emery  to 
lids  in  which  tlu  corundum  is  in  distinct  crystals. 

Comp. — ^Alumina,  A1,0,  =  Oxygen  47*1,  aluminium  52*9  =  100,  The  crys- 
illized  varieties  are  essentially  pure;  analyses  of  emery  show  more  or  lesa 
opnrity,  chiefly  magnetite. 

Pyr.,  etc. — B.B.  unaltered;  slowly  dissolved  in  borax  and  salt  of  phosphorus  to  a  clear 
nss  which  is  colorless  when  free  from  iron;  not  acted  upon  by  soda.  The  finely  pulver- 
"d  mineral,  after  long  heating  with  cobalt  solution,  gives  a  beautiful  blue  color.  Not 
>ed  \i|>on  by  acids,  but  converted  into  a  soluble  compound  by  fusion  with  potassium 
sulphate. 

Diff. — Characterized  by  its  hardness  (scratching  quartz  and  topaz),  by  its  adamantine 
*t(T,  high  specific  gravity  and  infusibility.  The  massive  variety  with  rhombohedral 
irtfng  resembles  cleavable  feldspar  but  is  much  harder  and  denser. 

Obe. — Usually  occurs  in  crystalline  rocks,  as  granular  limestone  or  dolomite,  gneiss, 
^nite.  mica  slate,  chlorite  slate.  The  associated  minerals  often  include  some  species  of 
e  chlorite  group,  as  prochlorite,  corundophilite,  margarile,   also  tourmaline,   spinel^ 
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cyauite.  diuspore,  and  a  series  of  aluminous  minerals,  in  part  produced  from  its  alteraiioiu 
Occasionally  found  in  ejected  masses  enclosed  iu  youuger  volcanic  rocks,  as  at  Ko!ii.'>- 
winter,  Niedermeudig,  etc.  Rarely  observed  us  a  coutact-miueral.  The  fine  sapphirt-s  art- 
usually  obtained  from  the  beds  of  rivers,  eitber  in  modified  bezagoual  prisms  oc  iu  ru.ieiJ 
masses,  accompanied  by  gniius  of  magnetite,  and  several  kinds  of  gems,  as  spinel,  eiu 
The  emery  of  Asia  Minor,  Dr.  Smitb  states,  occurs  in  granular  limestone. 

The  best  rubies  come  from  tbe  mines  in  Upper  Burma,  north  of  Mandalay,  in  an  art^ 
covering  2o  to  30  square  miles,  of  which  Mogok  is  the  center.  The  rubies  occur  in  bitu  n 
crystalline  limestone,  also  in  the  soil  of  the  hillsides  and  in  gem-bearing  gravel.  B  le 
sapphires  ara  brought  from  Ceylon,  often  as  rolled  pebbles,  also  as  well-preserved  cryM;il.s. 
Corundum  occurs  in  the  Caruatic  on  the  Malabar  coast,  on  the  Chantibun  bills  iu  S.^iei. 
and  elsewhere  in  the  Etist  Indies;  also  near  Canton,  China.  At  St.  Gk>thard,  it  occurs  uf  n 
red  or  blue  tinge  in  dolomite,  and  near  Mozzo  in  Piedmont,  in  white  compact  feldb[)ar 
Adamantine  spar  is  met  with  in  large  coarse,  hexagonal  pyramids  in  Gellivaia,  Swtden. 
Other  localities  are  iu  Bohemia,  near  Petschau;  in  the  Ilmen  mountains,  not  far  fr  m 
Miask;  in  the  gold- washings  northeast  of  Zlatoust.  Corundum,  sapphires,  and  ]e>s  ofim 
rubies  occur  in  rolled  pebbles  in  the  diamond  gravels  on  the  Cadgegong  river,  at  Mudcee 
and  other  points  in  New  South  Wales.  Emer^  is  found  in  larse  bowldera  at  Nazos.  Nicaria. 
and  Siimos  of  the  G reel  in  islands;  also  iu  Asia  Minor,  13  m.  £.  of  Ephesus,  near  GuiuucIj- 
dagh  and  near  Smyrna,  associated  with  margarite,  chloritoid,  pyrile. 

In  N.  America,  in  MissnefiuseUs,  at  Chester,  with  magnetite,  diaspore,  ripidolite,  mar- 
garite, etc.,  mined  for  use  as  emery.  In  Connecticut,  near  Litchfield.  In  Jieuj  York,  ai 
Warwick,  bluish  and  pink,  with  spinel;  Amity,  in  gran,  limestone;  emery  with  magueii  e 
and  green  spinel  (hercynite)  in  Westchester  Co.,  near  Cruger's  Station,  and  elsewhere.  Iu 
^ew  Jeney,  at  Newton,  blue  crystals  in  gran,  limestone;  at  Vernon.  In  Pennsylt-auia,  in 
Delaware  Co.,  iu  Aston,  near  Village  Green,  in  large  crystals;  at  Mineral  Hill,  iu  hx -e 
cryst.;  in  Chester  0  »..  at  Unionville,  abundant  in  crystals:  in  lartre  crvstals  loo^e  in  the  :>ti> 
at  Shimersville,  Lehigh  Co.     In  Virginia,  in  the  mica  schists  of  Bull  Mt.,  Patrick  Co. 

Common  at  many  points  along  a  belt  extending  from  Virginia  across  western  North  :iiui 
South  Carolina  and  Georgia  to  Dudleyville,  Alabama;  especially  in  Madison,  Buuconitv, 
Haywood,  Jackson,  Macon,  Clay,  and  Gaston  counties  in  North  Carolina.  The  loc:iii  i<< 
at  which  most  work  has  been  done  are  the  Culs:igee  mine.  Corundum  hill,  near  Frankiii., 
Macon  Co.,  N.  C.  and  26  miles  8.  E.  of  this,  at  Laurel  Ci-eek,  Gn.  The  corundum  occu- 
in  be^s  iu  chrysolite  (and  serpentine)  and  hornblendic  gneiss,  associated  with  a  species  df 
the  chlorite  group,  also  spinel,  etc.,  and  here  as  elsewhere  with  many  minerals  resuliiu? 
from  its  alteration.  Some  fine  rubles  have  been  found.  Fine  pink  crystals  of  corundin:i 
occur  at  Hiawaasee,  Towns  Co.,  Georgia.  In  Colorado^  small  blue  crystals  occur  in  nua 
sehist  near  Salida,  Chaffee  Co.  Gem  sapphires  are  found  near  Helena,  Montana,  iu  go\d- 
washings  and  in  bars  in  the  Missouri  river,  especially  the  Eldorado  bar;  at  Togo  Gulch  o-. 
the  Judith  river  and  at  other  points  in  Montana.  In  California,  in  Los  Angeles  Co.,  in  the 
drift  of  San  Francisqueto  Pass.    In  Canada,  at  Burgess,  Ontario,  red  and  blue  crystals. 

rniMATrm,    Elsenglanz,  Qerm. 
Bhombohedral.    Axis  6  =  1*3656. 

cr,   0001  A  toil  =  S?**  37'.  uu',  lOU  A  il04  =  87*   ^. 

rt^,  1011  A  1101  =  W    0'.  nn\  2248  A  §428  =  51'  6V. 

dd^,  Otis  A  i012  =  64*  51'.  en,    0001  A  2243  =  61'  IS'. 


666.  667.  668.  660. 


Twins:  tw.  pi.  (1)  c,  penetration- twins;   (2)  r,  less  common,  nsually  as 
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polysjiithetic  twinning  lamellsB,  producing  a  fine  striation  on  c,  and  dving  rise 
to  a  distinct  parting  or  pseudo-cleavage  ||  r.  Crystals  often  thick  to  thin 
tabular  ||  c,  and  grouped  in  parallel  position  or  in  rosettes;  c  faces  striated 
I  edge  c/d  and  other  forms  aue  to  oscillatory  combination ;  also  in  cube-like 
rhombohedrons;  rhombobedral  faces  u  (10l4)  horizontally  striated  and  often 
rounded  over  in  convex  forms.  Also  columnar  to  granular,  botryoidal,  and 
scalactitic  shapes;  also  lamellar,  laminsd  joined  parallel  to  c,  and  variously 
bent,  thick  or  thin;  also  granular,  friable  or  compact. 

Parting:  c,  due  to  lamellar  structure;  also  r,  caused  by  twinning.  Frac- 
ture subconchoidal  to  uneven.  Brittle  in  compact  forms;  elastic  in  thin 
laminae;  soft  and  unctuous  in  some  loosely  adherent  scaly  varieties.  H.  = 
5"5-6-5.  G.  =  4  9-5*3;  of  crystals  mostly  5'20-5"25;  of  some  compact  varieties, 
as  low  as  4*2.  Luster  metallic  and  occasionally  splendent;  sometimes  dull. 
Color  dark  steel-gray  or  iron-black;  in  very  thin  particles  blood-red  by  trans- 
mitted light;  when  earthy,  red.  Streak  cherry-red  or  reddish  brown.  Opaque, 
except  when  in  very  thin  laminee. 

Vnr.  1.  Specular,  Luster  metallic,  and  crystals  often  splendent,  whence  the  nume 
specular  iron  (Glauzeiseuerz  Qtrm.).  When  the  structure  is  foUuted  or  micaceous,  the 
ore  is  called  tnicaeeous  hematite  (Eisenglimmer  Germ.):  some  of  the  micaceous  varieties  are 
soft  and  unctuous  (Eisenrahm  Uerm.),  Some  varieties  are  magnetic,  but  probably  from 
admixed  magnetite  (Arts.  484,  426). 

2.  Cotnpaet  columnar;  or  fibrous.  The  masses  often  lons^  radiatiug;  luster  submetallic 
to  roetailic;  color  brownish  red  to  iron-black.  Sometimes  ciuled  red  Itematite,  to  contrast  it 
wiib  iimouite  and  turgite.   Often  in  reniform  masses  with  smooth  fracture,  called  kidney  ore. 

3.  lied  Ocherous.  Red  and  earthy.  Heddle  and  red  cfialk  are  red  ocher,  mixed  with 
more  or  less  clay. 

4.  Clny  Iron-stone ;  ArgiUaceous  hematite.  Hard,  brownish  black  to  reddish  brown^ 
often  io  part  deep  red;  of  submetallic  to  unmetallic  luster;  and  affording,  like  all  the 
preceding,  a  red  streak.  It  consists  of  oxide  of  iron  with  clay  or  sand,  and  sometimes  other 
im[>uritie8. 

Comp. — Iron  sesquioxide,  Fe,0,  =  Oxygen  30,  iron  70  =  100.  Sometinie» 
contains  titanium  and  magnesium,  and  is  thus  closely  related  to  ilmenite, 
p.  336. 

Pyr.,  etc. — B.B.  infusible;  on  charcoal  in  R.F.  becomes  magnetic;  with  borax  gives 
the  iron  reactions.  With  soda  on  charcoal  in  R.F.  is  reduced  to  a  gray  magnetic  metallic 
powder.    Soluble  in  concentrated  hydrochloric  acid. 

I>ifiL — ^Distinguished  from  magnetite  by  its  red  streak,  also  from  limonite  by  the  same 
means,  as  well  as  by  its  not  containing  water;  from  turgite  by  its  greater  hardness  and  hy 
Dot  decrepitating  B.B.  It  is  hard  in  all  but  some  micaceous  varieties  (hence  easily 
distinguished  from  the  black  sulphides);  also  infusible,  and  B.B.  becomes  strongly 
magnetic. 

bba. — This  ore  occurs  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  to 
crystalline  or  metamorphic  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcnnoes, 
as  "at  Vesuvius.  Many  of  the  geological  formations  contain  the  argillaceous  variety  or  clay 
iron-stone,  which  is  mostly  a  marsh-formation,  or  a  deposit  over  the  bottom  of  shnllow, 
srajfoant  water;  but  this  kind  of  clay  iron-stone  (that  giving  a  red  powder)  is  less  common 
than  the  corresponding  variety  of  limonite.  The  beds  that  occur  in  metamorphic  ro<ks  are 
sometimes  of  very  great  thickness,  and,  like  those  of  mngnetite  in  the  same  situation,  have 
resulted  from  the  alteration  of  stratified  beds  of  ore,  originally  of  marsh  origin,  which  were 
formed  at  the  same  time  with  the  enclosing  rocks,  and  underwent  metamorphism,  or  a 
change  to  the  crystalline  condition,  at  the  same  time. 

Beautiful  crystallizations  of  this  species  are  brouerht  from  the  island  of  Elba,  which  hna 
nfforded  it  from  a  very  remote  period ;  the  surfaces  of  the  crystals  often  present  an  irised 
tarnish  and  brilliant  luster.  St.  Gothard  nflfords  beautiful  specimens,  composed  of  crys- 
tallized tables  grouped  in  the  form  of  rosettes  (EUsenrosen^:  near  Limoges,  Franco,  in  Inrpe^ 
crystals;  fine  crystals  are  the  result  of  v(»lotmic  ncion  at  Etna  and  Vesuvius.  A»ondal  in 
Norway.  L&ngban  and  Nordmark  in  Swf/l'n.  Fr  n-ont  in  Lorraine.  Dauphine.  Binnrnthal 
and  Tavetsch,  Switzerland,  also  Cleator  Mo  •        ^'      '»' rlmd  afford  splendid  si)ecimens. 
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Red  hemAtite  occurs  In  renlfonn  maases  of  a  flbrous  conoeDtric  structure,  near  UWerstone  in 
Lancashire,  in  Sazouy,  Bohemia,  and  the  Harz. 

In  N.  America,  widely  distributed,  and  sometimes  in  beds  of  vast  thickness  iii  rocks  of 
the  Arcbsean  age,  as  in  the  upper  peninsula  of  Michigan,  in  the  Marquette  district,  also  in 
Menominee  county  and  west  of  Lrake  Aeogebic  in  Gogebic  county;  further  through  northern 
Wisconsin,  in  Florence,  Ashland  and  Dodge  Cos.,  and  in  Minnesota  near  Yermilion  lake. 
St.  Louis  Co.;  in  Missouri,  at  the  Pilot  Knob  and  the  Iron  Mtn. 

In  New  York,  in  Oneida,  Herkimer,  Madison,  Wayne  Cos.,  a  lenticular  argillaceous 
vnr.,  constituting  one  or  two  beds  in  the  Clinton  group  of  the  Upper  Silurian;  the  same  ia 
Penusylvauia,  and  as  far  south  as  Alabama;  and  in  Canada,  and  Wisconsin  to  the  west; 
in  Alabama  there  are  extensive  beds;  prominent  mines  are  near  Birmingham.  Besides 
these  regions  of  enormous  beds,  there  are  numerous  others  of  workable  value,  either 
i-rystallized  or  argillaceous.  Some  of  these  localities,  interesting  for  their  specimens,  are 
in  northern  New  York,  at  GouTemeur,  Antwerp,  Hermon,  Edwards,  Fowler,  Canton, 
etc.;  Woodstock  and  Aroostook,  Me.;  at  Hawley,  Mass..  a  micaceous  variety;  in  North  and 
South  Carolina  a  micaceous  variety  in  schistose  rocks,  constituting  the  so-called  tpeeuiar 
eehi$t,  or  iiabiriU. 

Named  lamcUiU  from  a^fia^  blood, 

Maktite.  Iron  sesquioxide  under  an  isometric  form,  occurring  in  octahedrons  or 
dodecahedrons  like  magnetite,  and  believed  to  be  pseudomorphous  after  magnetite;  perhaps 
in  part  also  after  pyrite.  Parting  octahedral  like  magnetite.  Fracture  conchoidal.  H.  = 
6-7.  G.  =  4-8  (Brazil)  to  6'8  (Monroe).  Luster  submetallic.  Color  iron-black,  sometimes 
with  a  bronzed  tamldi.  Streak  reddish  brown  or  purplish  brown.  Not  magnetic,  or 
only  feebly  so.  The  crystals  are  sometimes  embeddea  in  the  massive  sesquioxide.  They 
are  distinguished  from  magnetite  bv  the  red  streak,  and  very  feeble,  if  any,  action  on  the 
magnetic  needle.  Found  in  the  Marquette  iron  region  south  of  Lake  Superior,  where 
frystals  are  common  in  the  ore;  Monroe,  N.  T. ;  Digby  Co.,  N.  S. ;  at  the  Cerro  de  Mercado, 
Durango,  Mexico,  in  large  octahedrons;  in  the  schists  of  Minas  Geraes,  Brazil;  near  Ritters* 
gran,  Saxony. 

ILMBNITB  or  MBNAOOAmTB.    Titanic  Iron  Ore.    Titanelseii  O0rnk 
Tri-rhombohedral;  Axis  6  =  1-38461 

661.  662.  or,  0001  A  lOil  =  67*  58i'. 

^  rf^,  lOil  A  iioi  =  w  2y. 

en,  0001  A  22i8  =  61'  88". 

Crystals      usually      thick 
tabular;    also  acute  rhombo- 
hedral.    Often  in  thin  plates 
or    laminsB.     Massive,    com- 
pact; in  embedded  grains,  also  loose  as  sand. 

Fracture  conchoidal.  H.  =  5-6.  G.  =  4-5-5.  Luster  submetallic.  Color 
iron-black.  Streak  submetallic,  ponder  black  to  brownish  red.  Opaque. 
Influences  slightly  the  magnetic  needle. 

Comm  Tar.— If  normal,  PeTiO,  or  PeO,TiO,  =  Oxygen  31-6,  titanium  31*6, 
iron  36*8  =  100.  Sometimes  written  (re,Ti),0,,  but  probably  to  be  regarded  as 
an  iron  titanate.  Sometimes  also  contains  magnesium  {picrotitaniis)^  replacing 
the  ferrous  iron;  hence  the  general  formula  (Fe,Mg)O.TiO,  (Penfield). 

Pyr.,  ©10.— B.B.  infusthle  in  O.P.,  although  slightly  rounded  on  the  edjfes  in  RF. 
With  borax  and  salt  of  phosphorus  reacts  for  iron  in  O.F..  and  with  the  latter  flux  assumes 
A  more  or  less  intense  brownish-red  color  in  R.F.:  this  treated  with  tin  on  charcoal  changes 
to  a  violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverized  mineral, 
liented  wiih  hydrochloric  acid,  is  slowly  dissolved  to  a  yellow  solution,  which,  filtered  from 
the  undecoinposed  mineral  and  boiled  with  the  addition  of  tin-foil,  assumes  a  beautiful  blue 
or  violet  color.     Decomposed  by  fusion  with  bisulphate  of  sodium  or  potassium. 

Diff.— Resembles  hematite,  but  has  a  submetallic,  nearly  black,  streak;  not  magnetic 
like  magnetite. 

Obs. — Occurs,  as  an  accessory  component,  in  mnny  igneous  rocks  in  gmins,  assnniiiii; 
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the  place  of  magnetite,  espeoially  in  gabbros  and  diorites.  In  these  occurrences,  it  is  orien 
fo<ii:d  iu  Yeins  or  large  segreffated  masses  near  the  borders  of  the  igneous  rock  ^vhcre  it  is 
supposed  to  have  formed  by  local  differentiation  or  fractional  crystal iizution  iu  the  molten 
1)1  &s  Some  principal  European  localities  are  St.  Cristophe,  Dauphin^  (var.  crichioniie); 
Minsk  iu  the  Ilmen  Mta.  {iifnenite);  in  the  form  of  sand  at  Meuaccau,  Cornwall  (menacean- 
iir)\  Gnsteiu  iu  Tyrol  {1cibdeU>phayu)\  Iserwiese  {iserine).  One  of  the  most  remarkable  is  at 
Kn(ger6.  Norway,  where  it  occurs  in  veins  or  beds  in  diorlte,  which  sometimes  afford  crystals 
^v.  ighing  over  10  pounds.  Others  are  Egersund,  Arendal,  Suarum  in  Norway;  St. 
(ioM.ard,  etc. 

Flue  crystals,  sometimes  an  inch  in  diameter,  occur  in  Warwick,  Amity,  and  Monroe, 
OiuDge  Co.,  N.  Y.;  Litchfield,  Conn,  (wuhingtonite).  Vast  deposits  or  beds  of  titanic  ore 
IK  ear  ut  Bay  St.  Paul  in  Quebec,  Canada,  in  syenite;  also  in  the  Seignory  of  St.  Francis, 
Bt'auce  Co.    Grains  are  found  in  the  gold  sand  of  California. 

The  tiianic  iron  of  massive  rocks  is  extensively  altered  to  a  dull  white  opaque  substance, 
CI  I  led  Uueoxene  by  GUmbel.    This  for  the  most  part  is  to  be  identified  with  titan  ite.   . 

Pyrophanite.  Manganese  titanate,  MnTiOt.  In  thin  tabular  rbombohedral  crystals 
and  scales,  near  ilmenite  in  form  fp-  382).  U.  =  6.  G.  =  4*537.  Luster  vitreous  to  sub- 
nietallic.  Color  deep  blood-red.  Streak  ocher-yellow.  From  the  Harstig  mine,  Pajsberg. 
Sweden. 


III.    Intermediate  Oxides. 


The  species  here  included  are  retained  among  the  oxides,  although 
chemically  considered  they  are  properly  oxygen-salts,  alnminates,  ferrates, 
manganates,  etc.,  and  hence  in  a  strict  classification  to  be  placed  in  section  5 
of  the  Oxygen-sidts.    The  one  well-characterized  group  is  tne  Spinel  Group. 
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Spinel  Group.    BB,0«  or  BO.R,0,.    Isometria 

Spinel  ^  MgO.Al,0. 

Ceylonite  (Mg.Fe)O.Al,0, 

Chlorospinel  MgO.  ( Al,Fe),0, 

Picotite  (Mg,Pe)0.(Al,Cr),0, 

Hercynite  PeO.Al.O, 

Oahnite     (Automolite)  ZnO.Al,0. 

Dysluite  (Zn,Fe,Mn)0.(Al,Pe),0, 

Kreittonite  (Zn,Fe,  Mg)  0.  ( Al,Fe),0, 

Magnetite  /  FeO.Fe.O, 

(Fe,Mg)O.Fe,0. 

Magnesioferrite  MgO.Fe,0, 

Pranklinite  ^  (Fe,Zn,Mii)0.(Fe,Mn),0, 

Jaoobsite    /  (Mn,Mg)0.(Fe,Mn),0, 

Chromite  /  FeO.Cr,0. 

(Fe,Mg)0.(Cr,Fe).0, 

The  species  of  Spinel  Oroup  are  characterized  by  isometric  crystallization, 
and,  further,  the  octahedron  is  throughout  the  common  form.  All  of  the  species 
are  hard;  those  with  unmetallic  luster  up  to  7*5-8,  the  others  from  5*5  to  6*5. 
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SPINBL. 

Isometric.    TJsaally  in  octahedrons,  rarely  cubic.      Twins:    tw.-pl.  and 

comp.-face  o  common  (Fig.  663),  hence 
^^3-  ^^^  often    called    spinel-twins;   also   re- 

peated  and  polysynthetic,  producing; 
tw.  lamellsB. 

Cleavage:  o  imperfect.  Fracture 
conchoidal.  Brittle.  H.  =8.  G.  = 
3*5-4-l.  Luster  vitreous;  splendent 
to  nearly  dull.  Color  red  of  Tarioug 
shades,  passing  into  blue,  green,  yellow, 
brown  and  black;  occasionally  almost 
white.  Streak  white.  Transparent  lo 
nearly  opaqne.    Befractive  index:  %  =  17155  Na»  Dz. 

Com^,  Yar. — Magnesium  alnminate,  MgAl,0«  or  MgO.Al,0,  =  Alumina 
71*8,  magnesia  28*2  —  100.  The  magnesium  may  be  in  part  replaced  i'}- 
ferrous  iron  or  manganese,  and  the  aluminium  by  ferric  iron  and  chromium. 

Var.— RuBT  Sfinbl  or  Magnetia  Spinel. — Clear  red  or  reddish;  transparsDt  to  trans- 
lucent; sometimes  subtrauslucent.  G.  =  8*03-3*71.  Composition  normal,  with  little  or  do 
iron,  and  sometimes  chromium  oxide  to  which  the  ?red  color  has  been  ascribed.  The 
varieties  are:  (a)  Spinel-Ruby,  deep  red;  (b)  BalM-Buijf,  rose- red;  {c)  Bubieelle,  yellow  or 
orange- red;  (d)  Almandine,  violet. 

CfievLONiTB  or  Pleonaete,  Iron-Magnena  Spinsl.^Ckylor  dark  green,  brown  to  black, 
mostly  opaque  or  nearly  so;  G.  =  d'Sh-Sa.  dontaius  iron  replacing  the  magnesium  an.l 
perhaps  also  the  aluminium,  hence  the  formula  riM[g,Fe)0.  AltOt  or  rMg,Fe)0.(A1,Fe)90,. 

Chlorospinbl  or  Magnesia-Iron  Spinel. — Color  crass-green,  owing  to  the  presence  of 
copper;  G.  =  3*591-8*594.    Contains  iron  replacing  the  aluminium,  MgO.(Al^Fe)tOs. 

PicoTiTE  or  Chrome-Spinel. — Contains  chromium  and  also  has  the  magnesium  largily 
replaced  by  iron,  (Mg,Fe)0.(Al,Cr),Oi,  hence  lyiu^  between  spinel  proper  and  chromitr. 
G.  =  4*08.    Color  dark  yellowish  brown  or  greenish  orown.    Translucent  to  nearly  opaque. 

Pyr ,  etc. — B.B.  alone  infusible.  Slowly  soluble  in  borax,  more  readily  m  salt  of 
phosphorus,  with  which  it  gives  a  reddish  bead  while  hot,  becoming  faint  chrome-green 
on  cooling.  Black  varieties  pve  reactions  for  iron  with  the  fluxes.  Soluble  with  difficuliy 
in  concentrated  sulphuric  acid.    Decomposed  by  fusion  with  potassium  bisnlphate. 

Diff.— Distinguished  by  its  octahedral  form,  hardness,  and  infusibilit^;  zircon  has  a 
higher  specific  gravity;  the  true  ruby  (p.  838)  is  harder  and  is  distinguished  optically; 
garnet  is  softer  and  fusible. 

Obs.— Spinel  occurs  embedded  in  granular  limestone,  and  with  calcite  in  serpentine, 
gneiss,  and  allied  rocks.  Ruby  spinel  Is  a  common  associate  of  the  true  ruby.  Conrnioc 
spinel  is  often  associated  with  chondrodite.  It  also  occupies  the  cavities  of  masses  ejected 
from  some  volcanoes.  Spinel  (common  spinel,  also  picotite  and  chromite)  occurs  as  an 
accessory  constituent  in  many  basic  igneous  rocks,  especially  those  of  the  peridotite  group  ; 
it  is  the  result  of  the  crystallization  of  a  magma  very  low  in  silica,  high  in  magnesia  and  con- 
taining alumina:  since,  as  in  many  of  the  peridotitcs  alkalies  are  absent,  feldspars  cnnDor 
form,  and  the  AUOi  and  Cr,Oi(also  Fe«Oi  perhaps)  are  compelled  to  form  spinel  (or  coruu- 
dum).    The  serpentines  which  yield  spinel  are  altered  peridotites. 

In  Cevlon,  in  Siam,  and  other  eastern  countries,  occurs  of  beautiful  colors,  as  rolkri 
pebbles;  in  upper  Burma  with  the  ruby  (cf.  p.  884).  Pleonaste  Is  found  at  Can<iy.  ii; 
Ceylon;  at  Aker,  in  Sweden,  a  pale  blue  and  pearl-gray  variety  in  limestone;  small  black 
splendent  cnrstals  occur  in  the  ancient  ejected  masses  of  Monte  Somma;  also  at  Pnrgas. 
Finland,  with  chondrodite.  etc. ;  in  compact  gehlenite  at  Monzoni,  in  the  Fassa  valley. 

From  Amity,  N.  Y.,  to  Andover.  N.  J.,  a  distance  of  about  80  miles,  is  a  region  of 
granular  limestone  and  serpentine,  in  which  localities  of  spinel  abound;  colors,  gret-D, 
black,  brown,  and  leas  commonly  red,  along  with  chondrodite  and  other  mineraU. 
Localities  are  numerous  about  Warwick,  and  also  at  Monroe  and  Cornwall:  Gouverneur. 
2  m.  N.  and  f  m.  W.  of  Somerville,  St.  Lawrence  Co.;  green,  blue,  and  occasionally  re'l 
varieties  occur  at  Bolton,  Boxborough.  etc.,  Ma<<s.  Franklin,  N.  J.,  affords  crystnl?  '^t 
various  shades  of  black,  blue,  green,  and  red:  Newton,  Sterling.  Sparla.  Hamburgh  aid 
Vernon,  N.  J.,  are  other  localities.    With  the  corundum  of  North  Carolina,  as^  at  the 
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Culsagee  mine,  near  Franklin,  Macon  Co.;  similarly  at  Dudley ville,  Alabama.  8piuel 
ruby  at  Gold  Bluff,  Humboldt  Co.,  Cal. 

Good  black  spinel  is  found  in  Burgess,  Ontario;  a  bluish  spinel  having  a  rough  cubic  form 
occurs  at  Wakefield,  Ottawa  Co.;  blue  with  cliutonite  at  Daillebout,  Joliett^  Co.,  Quebec. 

Hercynite.  Iron  Spinel,  FeAltO«.  Isometric;  massive,  flue  granular.  H.  =  7*5-8. 
G.  =  3*91-8  95.  Color  black.  From  Ronsberg.  at  the  eastern  foot  of  the  BOhmerwald. 
A  related  iron-alumina  spinel,  with  about  9  p.  c.  MgO,  occurs  with  nmgnetite  and  corundum 
in  Cortlandt  township,  Westchester  Co.,  N.  T. 

QAHNITB.     Zinc-Spinel. 

Isometric.  Habit  octahedral,  often  witn  faces  striated  |  edge  d/o\  also 
less  commonly  in  dodecahedrons  and  modified  cubes.    Twins:  tw.-pl.  o. 

Cleavage:  o  indistinct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  = 
7*5-8.  6.  =  4*0-4*6.  Luster  vitreous,  or  somewhat  greasy.  Color  dark  green, 
gi-ayish  green,  deep  leek-green,  greenish  black,  bluish  black,  yellowish,  or 
grayish  brown ;  streak  grayish.     Subtransparent  to  nearly  opaque. 

Comp.,  Tar.— Zinc  aluminate,  ZnAl,0^  =  Alumina  55-7,  zinc  oxide  44-3  = 
lOO.  The  zinc  is  sometimes  replaced  by  manganese  or  ferrous  iron,  the 
aluminium  by  ferric  iton. 

Var.— AuTOMOLiTB.  or  Zinn  O^oAmte.— ZnAltO«,  with  sometimes  a  little  iron,  G.  =  4-1- 
4*6.     Colors  as  aibove  given. 

Dysluitk,  or  Zinc- ManganeBe- Iron  (7aAnite.— {Zn,Fe,Mn)0.(Al,Fe),Oi.  Color  yellow- 
ish brown  or  grayish  brown.     Q.  =  4-4*6. 

Kreittosite.  or  Zinc-Iran  (?aAmto.— (ZnFe.Mg)0.(Al,Fe),Oi.  In  crystals,  and 
granular  massive.  H.  =  7-8.  G.  =  4-48-4*89.  Color  velvet-black  to  greenish  black; 
powder  grayish  green.     Opaque. 

l^yr.,  etc. — Gives  a  coating  of  zinc  oxide  when  treated  with  a  mixture  of  borax  and 
sodii  on  charcoal;  otherwise  like  spinel. 

Obs.— Occurs  in  talcose  schist  at  Falun.  Sweden  (automoliU);  at  Tiriola,  Calabria;  at 
Bodenmais.  Bavaria  (kreittoniie);  Minas  Gei-aes.  Brazil.  In  the  U.  S.,  at  Franklin  Furnace, 
N.  J.,  with  fraukliuite  and  willemite;  also  at  Sterling  Hill,  N.  J.  (dpaluiU);  with  pyrite  at 
Uowe.  Mass.;  at  a  feldspar  quarry  in  Delaware  Co.,  Penn.;  sparingly  at  the  Deake  mica 
mine,  Mitchell  Co. ,  N.  C. ;  at  the  Canton  Mine,  Georgia;  with  galena,  chalcopyrite,  pyrite 
at  the  Cotopaxi  mine,  Chaffee  Co.,  Colo. 

Named  after  the  Swedish  chemist  Gahn.  The  name  Automolite,  of  Ekebers,  is  from 
avTofioXoi,  a  deserter,  alluding  to  the  fact  of  the  zinc  occurring  in  an  unexpected  place. 

MAGNirnTB.     Magnetic  Iron  Ore.    Magneteisenstein,  Magneteisenerz. 
Isometric.     Most  commonly  in  octahedrons,  also  in  dodecahedrons  with 
faces  striated  |  edge  d/o  from  oscillatory  combination;  in  dendrites  between 
666.  667.  668. 


elates  of   mica ;    crystals  sometimes   highly  modified  ;    cubic  forms  rare. 
Twins  :    tw.-pl.  o,  sometimes    as  polysynthetic  twinning  lamellae,  producing 
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striations  on  an  octahedral  face  and  often  a  pseudo-cleavage  (Fig.  456,  p.  13G). 
Massive  with  laminated  structure;  granular,  coarse  or  fine;  impalpable. 

Cleavage  not  distinct ;  parting  octdiedral^  often  highly  develo{)e(i. 
Fracture  subconchoidal  to  uneven.  Brittle.  H.  =  d*5-6'5.  5.  =  5'168-51i?0 
crystals.  Laster  metallic  and  splendent  to  submetallic  and  rather  dull.  Color 
iron-black.  Streak  black.  Opaque,  but  in  thin  dendrites  in  mica  nearly 
transparent  and  pale  brown  to  black.  Strongly  magnetic;  sometimes  possei^s- 
ing  polarity  (lodestone). 

n   m 

Gomp.,  Tar.— FeFe.O^  or  FeO.Fe.O,  =  Iron  sesquioxide  69'0,irDn  protoxide 
31-0  =  100  ;  or,  Oxygen  27*6,  iron  72  4  =  100.  The  ferrous  iron  sometimes 
replaced  by  magnesium,  and  rarely  nickel;  also  sometimes  contains  titanium 
(up  to  6  p.  c.  TiOJ. 

Var. — Ordinary. — (a)  In  crystals,  (b)  Massive,  with  pseudo-cleavage,  also  granuhir, 
coarse  or  Hue.  (c)  As  loose  saud.  (d)  Ocherous:  a  black  eartby  kind.  Ordinary  mugneiiie 
is  attracted  by  a  maenet  but  bas  no  power  of  attracting  particles  of  iron  itself.  The  property 
of  polarity  wbich  distinguishes  the  lodeatons  (less  properly  written  loadstone)  is  exceptiouul. 
.  Magnuian,  Talk-Eisenerz. — G.  =  '4'4l-4'42;  luster  submetallic;  weak  magnetic;  in 
crystals  from  Sparta,  N.  J.,  and  elsewhere. 

Mangarunan, — Containing  8*8  to  6*8  p.  c.  manganese  {ManganmagneHie),  From 
Tester  Si  If  berg,  Sweden. 

Pyr.,  etc.— B.  B.  vei^  difficultly  fusible.  In  O.F.  loses  its  influence  on  the  magnet. 
With  the  fluxes  reacts  like  hematite.     Soluble  in  hydrochloric  acid. 

Diflf. — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  as  well  as  by  its  high  specitlc  gravity;  frankliniteand  chromitc 
are  only  feebly  magnetic  (if  at  all),  and  have  a  brown  or  blackish-brown  streak;  also,  when 
massive,  by  its  black  streak  from  hematite  and  limonite;  much  harder  than  tetrahedrite. 

Obs. — Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  meta- 
morphic  rocks,  though  widely  distributed  also  in  grains  in  eruptive  rocks.  In  the  Arcbsan 
rocks  the  beds  are  of  immense  extent,  and  occur  under  the  same  conditions  as  those  of 
hematite.  It  is  an  ingredient  In  most  of  the  massive  variety  of  corundum  called  emenr. 
The  earthy  magnetite  is  found  in  bogs  like  bog-iron  ore.  Occurs  in  meteorites,  and  forms 
the  crust  of  meteoric  irons. 

Present  in  dendrite-like  forms  in  the  mica  of  many  localities  following  the  direction  of 
the  lines  of  the  percussion -figure,  and  perhaps  of  secondary  origin.  A  common  alteration- 
product  of  minerals  containing  iron  protoxide,  e.g.,  present  in  veins  in  the  serpintice 
resulting  from  altered  chrysolite. 

The  beds  of  ore  at  Arendal,  Norway,  and  nearly  all  the  celebrated  iron  mines  of 
Sweden,  consist  of  massive  magnetite,  ns  at  Dannemora  and  the  Tftberg  in  Sm&land.  Falun, 
in  Sweden,  and  Corsica,  afford  octahedral  crystals,  embedded  in  chlorite  slate.  Splendid 
dodecahedral  crystals  occur  at  Kordmark  in  Wermlaud.  The  most  powerful  native 
magnets  are  found  in  Siberia,  and  in  th^  Harz;  they  are  also  obtained  on  the  island  of 
Elba.  Other  localities  for  the  crystallized  mineral  are  Traversella  in  Piedmont;  Achmii- 
tovsk  in  the  Ural;  Scalotta,  near  Predazzo,  in  Tyrol,  also  Rothenkopf  and  Wildkreuzjoch ; 
the  Binnenthal,  Switzerland. 

In  N.  America,  it  constitutes  vast  beds  in  the  ArchoBan,  in  the  Adirondack  region. 
Warren,  Essex,  and  Clinton  Cos.,  in  Northern  N.  York,  wbile  in  St.  Lawrence  Co.  the  iron 
ore  is  mainly  hematite;  fine  crvstals  and  masses  showing  broad  parting  surfaces  and  yiel'l- 
ing  large  pseudo-crystals  nre  obtained  at  Port  Henry,  Essex  Co.;  similarly  in  New  Jersey: 
in  Canada,  in  Hull.  Grenville,  Madoc.  etc.;  at  Cornwall  in  Pennsylvania,  and  Mairntt 
Cove,  Arkansas.  It  occurs  also  in  N.  York,  in  Saratoga,  Herkimer,  Orange,  and  Putn.am 
Cos.;  at  the  Tilly  Foster  iron  mine,  Brewster,  Putnam  Co.,  in  crystals  and  massive  aecom- 
panied  by  chondrodite.  etc.  In  N,  Jeruy,  at  Hamburg,  near  Fiunklin  Furnace  nnd  else- 
where. In  Penn.,  at  Goshen,  Chester  Co..  and  at  the  French  Creek  mines:  delineatior  ^ 
forming  hexagonal  figures,  in  mica  at  Pennsbury.  Good  lodestones  are  obtained  ni  Mniruei 
Cove,  Arkansas.  In  California,  in  S?erra  Co.,  abundant,  massive,  and  in  crystnl>:  in 
Plumas  Co.;  and  elsewhere.     In  "WM5»hington,  in  large  deposits 

Named  from  the  loc.  Magnesiay  bordering  on  Macedonia.  But  Pliny  favors  NirjindeT|s 
derivation  from  Magnes.  who  first  discovered  it,  as  the  fable  runs,  by  finding,  on  taking  his 
herds  to  pasture,  that  the  nails  of  his  shoes  and  the  iron  ferrule  of  his  staff  adhered 
to  the  ground. 
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FRANKUNim. 


Isometric.  Habit  octahedral;  ed^es  often  rounded,  and  crystals  passing 
into  rounded  grains.     Massive,  granular,  coarse  or  fine  to  compact. 

Pseudo -cleavage,  or  parting,  octahedral,  as  in  magnetite.  Fracture  con- 
choidal  to  uneveu.  Brittle.  H.  =  5"5-6*5.  G.  =  5-07-5'22.  Luster  metallic, 
sometimes  dull.  Color  iron-black.  Streak  reddish  brown  or  black.  Opaque. 
Sliglitly  magnetic. 

Corny, — (Fe,Zn,Mn)0.(Fe,Mn),0„  but  varying  rather  widely  in  the  relative 
quantities  of  the  different  metals  present,  while  conforming  to  the  general 
formula  of  the  spinel  group. 

P3rr.,  etc. — B.B.  infusible.  With  borax  in  O.F.  gives  a  reddish  amethystine  bead 
(mangaDese),  and  in  R.F.  this  becomes  bottle-green  (iron).  With  soda  gives  a  bluish- green 
mauganate,  and  on  charcoal  a  faint  coating  of  zinc  oxide,  wh(ch  is  much  more  marked 
w  lieu  a  mixture  with  borax  and  soda  is  used.  Soluble  in  hydrochloric  acid,  somctiuies 
with  evolution  of  a  small  amount  of  chlorine. 

Diff.— Resembles  magnetite,  but  is  only  slightly  attracted  by  the  magnet,  and  has  a  dark 
brown  streak;  it  also  reacts  for  zinc  on  charcoal  B.B. 

Obs. — Occurs  in  cubic  crystals  near  Elbach  in  Nassau;  in  amorphous  masses  at  Alteu- 
berg,  near  Aix-la-Chapelle.  Abundant  at  Mine  Hill,  Franklin  Furnace,  N.  J.,  with  wilh  m- 
ite  and  zincite  in  granular  limestone;  also  at  Sterling  Hill,  two  miles  distant,  associated 
\s\ih  willemite. 

Magnesiofexrlte.  Ma^noferrite.  HgFe04.  In  octahedrons.  H.  =  6-6*5.  G.  =  4*568- 
4*654.  Luster,  color,  ana  streak  as  In  magnetite.  Strongly  magnetic.  Formed  about  the 
fumaroles  of  Vesuvius,  and  especially  those  of  the  eruption  of  1855. 

Jacobsite.  (Mn,Mg)0.(Fe,Mn)«Os.  Isometric;  in  distorted  octahedrons.  H.  =  6.  6.= 
4-75.  Color  deep  black.  Magnetic.  From  Jakobsberg,  in  Nordmark,  Wermland,  Sweden; 
also  at  L&ugban. 

OHROMITB. 

Isometric.    In  octahedrons.    Commonly  massive;  fine  granular  to  compact. 

Fracture  uneven.  Brittle.  H.  =  5*5.  G.  =  4"32-4*57.  Luster  submetallic 
to  metallic.  Color  between  iron-black  and  brownish  black,  but  sometimes 
Yellowish  red  in  very  thin  sections.  Streak  brown.  Translucent  to  opaque. 
Sometimes  feebly  magnetic. 

Comp. — FeCr.O^  or  FeO,Cr,0,  =  Chromium  sesquioxide  68*0,  iron  protoxide 
320  =  100. 

The  iron  may  be  replaced  by  magnesium ;  also  the  chromium  by  aluminium 
and  ferric  iron.  The  varieties  containing  but  little  chromium  (up  to  10  p.  c.) 
are  hardly  more  than  varieties  of  spinel  and  are  classed  under  picotite,  p.  338. 

Pyr.,  etc.— B.B.  in  O.F.  infusible;  in  R.F.  slightly  rounded  on  the  edges,  and  becomes 
mairnetic.  With  borax  and  salt  of  phosphorus  gives  beads  which,  while  hot,  show  only  a 
rr-action  for  iron,  but  on  coolinsr  liecome  chrome-green;  the  gieen  color  is  heighlened  by 
fusion  on  charcoal  with  metallic  tin.  Not  acted  upon  by  acids,  but  decomposed  by  fusion 
wirii  potasfrium  or  sodium  bisulphate. 

I>iflf.— Distinpruished  from  magnetite  by  feebly  magnetic  properties,  streak  and  by  yield- 
ing: the  reaction  for  chromic  acid  with  the  blowpipe. 

^  Obs.— Occnrs  in  serpentine,  forming  veins,  or  in  embedded  mfl8«es.  It  assists  in  giving 
the  variegated  color  to  verde-antique  marble.  Not  uncommon  in  meteoric  irons,  somclimes 
in  nodules  as  in  the  Coahuila  iron,  less  often  in  crystals  (Lodran). 

Occurs  In  the  Gulsen  mountains,  near  Kraubnt  in  Styria;  in  crystals  in  the  islands  of 
FnBt  and  Fetlar,  in  Shetland:  in  the  province  of  Trondhjein  in  Norway;  in  the  Department 
du  Var  in  France;  in  Silesia  and  Bohemia;  abundant  in  Asia  Minor;  in  the  Eastern  and 
\Vp<!t«rn  Urals;  in  New  Caledonia,  affording  ore  for  commerce. 

At  Baltimore.  Md.,  in  the  Bare  Hills,  in  veins  or  masses  in  serpentine;  also  in  Mont- 
pomerv  Co..  etc.  In  Pennsylvania,  Chester  Co.,  near  Unionville.  abundant;  nt  Wood's 
Mine,  near  Texas,  Lancaster  Co.,  very  abundant.    Massive  and  in  crystals  at  Hoboken,  N. 
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J.,  in  serpentine  and  dolomite.    Id  tbe  southwestern  part  of  the  town  of  New  Fane,  etc, 
Vt.     In  California,  in  Monterey  Co.;  also  Santa  Clara  Co.,  near  the  N.  Alniadeu  mine. 


OHRTSOBBRTL.    Cymophane. 
Orthorhombic.    Axes  d:i:d  =  04701 
669.  670. 


1  :  0-5800. 

mm* 

,  110  A  110  = 

50'  21'. 

w*, 

120  A  i:«)  = 

QS**  32'. 

aaf. 

101  A  ioi  = 

lOr  57. 

u\ 

Oil  A  oil  = 

60M4 

99\ 

031  A  OSI  = 

120'*  14'. 

o&. 

ill  A  III  = 

98"  44', 

00", 

111  A  111  = 

40'  r. 

nn'. 

131  A  121  = 

77' 43'. 

Twins:  tw.  pi.  p  (031),  both  contact-  and  penetration-twins;  often  repeated 
and  forming  pseudo-nexagonal  crystals  with  or  without  re-entrant  angles  (Fig. 
357,  p.  122).  Crystals  generally  tabular  ||  a.  Face  a  striated  vertically,  in 
twins  a  feather-like  striation  (Fig.  670). 

Cleavage:  i  (Oil)  quite  distinct;  b  imperfect;  a  more  so.  Fracture  uneven 
to  conchoidal.  Brittle.  JH.  —  85.  G.  =  3-5-3-84.  Luster  vitreous.  Color 
asparagus-green,  grass-green,  emerald -green,  greenish  white,  and  yellowish 
green;  greenish  brown;  yellow;  sometimes  raspberry-  or  columbine-red  by 
transmitted  light.  Streak  uncolored.  Transparent  to  translucent.  Some- 
times a  bluish  opalescence  or  chatoyancy,  and  asteriated.  Pleochroic,  vibra- 
tions II  b  (=  5)  orange-yellow,  t  {=  i)  emerald-green,  a  (=  af)  columbine-red. 
Optically  +.    Ax.  pi.  {h.     Bx  J.  c.     /?  =  1-7484.     2E  =  84°  43'. 

Var.  1.  Ordinary.— CoXov  pale  green,  being  colored  by  iron;  also  yellow  and  transparent 
and  then  used  as  a  gem. 

2.  AUxandriU,— Color  emerald -green,  but  columbine-red  by  transmitted  light;  valued  hs 
a  gem.  G.  =  3-644.  mean  of  results.  Supposed  lo  be  colored  by  chromium.  Crystnis 
often  very  large,  and  in  twins,  like  Fig.  367.  either  six-sided  or  six-rayed. 

8.  Caf9'eye»—0o\or  greenish  and  exhibiting  a  fine  chatoyant  effect;  from  Ceylon. 

Comp.— Beryllium  aluminate,  BeAl,0^  or  BeO.Al,0,  =  Alumina  80  2, 
glucina  19-8  =  100. 

P3rr.,  etc.— B.B.  alone  unaltered;  with  soda,  the  surface  is  merely  rendered  dull  With 
borax  or  salt  of  phosphorus  fuses  with  great  diflBculty.  With  cobalt  solution,  the  powdcreil 
minernl  pivcs  a  bluish  color.     Not  attacked  by  acids. 

Diflf. — Distinguished  by  its  extreme  hardness,  ereater  than  that  of  topaz:  by  its  infiM*- 
bilily;  also  characterized  by  its  tabular  crystallization,  in  contrast  with  beryl. 

Obs.— Ill  Minas  Geraes,  Brazil,  and  also  in  Ceylon,  in  rolled  pebbles;  at  Marschcndorf 
in  Moravia,  in  the  Ural,  85  vei-sts  from  Ekaterinburg,  in  mica  slate  with  beryl  and  phenaoite. 
the  variety  alexandrite;  in  the  Orenburg  district,  S.  Ural,  yellow;  in  the  Mourne  Mts., 
Ireland. 

In  the  U.  8..  at  Haddam,  Ct.,  in  granite  traversing  gneiss,  with  tourmaline,  eamet, 
beryl;  at  Greenfield,  near  Saratoga,  N.  Y..  with  tourmaline,  garnet,  and  apatite;  Norway, 
Me.,  in  granite  with  garnet;  also  at  Stoneham,  with  fibrolite,  etc. 

GhryHoberyl  is  from  xft^'^^'^*  golden,  /3r/pvXXo?,  beryl.  Cymaphnne,  from  Kvua,  www, 
and  (pixivQo,  appear,  alludes  to  a  peculiar  opalescence  the  crystals  sometimes  exhibit. 
Alexandrite  is  after  the  Czar  of  Russia,  Alexander  I. 

Hausmannite.  MutOi  or  MnO.MsOa.  In  tetragonal  octahedrons  and  twins  (Fig.  376. 
p.  1*25);  also  granular  massive,  particles  strongly  coherent.  H.  =  5-5'5.  G.  =  4*856.  Luster 
submetallic.  Color  brownish  black.  Streak  chestnut-brown.  Occurs  near  Bmenau  in 
Thuringia;  Ilefeld  in  the  Harz;  Pilipstad,  L&ngban,  Nordmark,  in  Sweden. 
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Mennlge  Germ.  PbsO^  or  2PbO.PbOs.  Pulverulent,  as  crystalline  scales. 
G.  =  4'tt.  Color  vivid  red,  mixed  with  yellow;  streak  orauge-yellow.  Occurs  ut  Bleiulf 
in  the  Eifel;  Baden weiler  in  Baden,  etc. 

Orednerite.  Cu.Mn40. or 3Cu0.2Mn,0,.  Foliated  crystalline.  H.  =  45.  G.  =  4-9- 
51.  Luster  metallic.  Color  iron-black  to  steel-gray.  Sti-eak  black,  brownish.  From 
Fried  richsrode. 

Psendobrookite.  Probably  Fe4(Ti04)$.  Usually  in  minute  orthorhombic  crystals, 
bibular  |  a  and  often  prismatic  \b,  G.  =  4-4-4'98.  Color  dark  brown  to  black,  btreak 
ociier-yellow.  Found  with  hypersthene  (szuboiie)  in  cavities  of  the  andesite  of  Aranyer 
Berg,  Tniusylvania.  and  elsewhere;  on  recent  lava  (1872)  from  Vesuvius;  at  Havredal, 
Biiinle,  Norway,  embedded  in  kjerulfine  (wagnerite;  altered  to  apatite. 


BRAHNim. 

Tetragonal.  Axis  6  ==  0*9850.  Commonly  in  octahedrons,  nearly  isometric 
in  angle  (jpp'  =  70°  7').     Also  massive. 

Cleavage :  p  perfect.  Fracture  uneven  to  subconchoidal.  Brittle.  H.  =  6- 
6-5.  G.  =  4*76-4*82.  Lnster  submetallic.  Color  dark  brownish  black  to  steel- 
gray.    Streak  same. 

Comp,— 3Mn,0,.MnSiO,  =  Silica  10-0,  manganese  protoxide  11'7,  man- 
ganese sesquioxide  78-3  =  100. 

Pyr..  etc. — B.B.  infusible.  With  borax  and  salt  of  phosphorus  gives  an  amethystine 
in  .1(1  ill  OF.,  becoming  colorless  in  R.F.  With  soda  gives  a  bluish-green  bead.  Dissolves 
in  liydruchloric  acid  evolving  chlorine,  and  leaving  a  residue  of  gelatinous  or  flocculent  silica 
(Hi^ )     Mnrceliue  gelatinizes  with  acids. 

Obs.— Occurs  in  veins  traversing  porphyry,  at  Oehrenstock,  near  Ilmenau;  near  Ilefeld 
in  tiie  Harz;  St.  Marcel  in  Piedmont;  at  Elba;  at  Botnedal,  Upper  Tellemark,  in  Norway; 
:>i  the  manganese  mines  of  Jakobsberg,  Sweden,  also  at  L&neban,  and  at  the  SjO  mine, 
Gr\  thytian,  Orebro.    Mareeline  (heterocline)  from  St.  Marcel,  Piedmont,  is  impure  braunlte. 

Bizbvita.  Essentially  FeO.MnO,  In  blnck  isometric  crystals.  H.  =  G-6.5.  G.  = 
4*945.    Occurs  with  topaz  in  cavities  in  rhyolite;  from  Utah. 


IV.  Dioxides,  RO,. 

Butile  Group.     Tetragonal. 

i  b 

Ca«8iteilte        SnO,         0-6723  Entile  TiO,         06442 

Polianite  MnO,        06647  Plattnerite        PbO,        06764 

The  EuTiLB  Group  includes  the  dioxides  of  the  elements  tin,  manganese, 
titaninm,  and  lead.  These  compounds  crystallize  in  the  tetragonal  system 
with  closely  similar  angles  and  axial  ratio;  furthermore  in  habit  and  method 
of  twinning  there  is  much  similarity  between  the  two  best  known  species 
included  here. 

With  the  Kutile  Group  ia  also  sometimes  included  Zircon.  ZrO«.SiO,;  h  —  0-6404. 
In  this  work,  however.  Zircon  is  classed  among  the  silicates,  with  the  allied  species  Thorite, 
ThC.SiOj,  h  =  0-6402. 

A  tetragonal  form,  approximating  closely  to  that  of  the  species  of  the  Rntlle  Group, 
belongs  also  to  a  number  of  other  species,  ns  Sellaite,  MgF^;  Tapiolite.  Fe(Ta,Nb),0«; 
Xenotime.  YPO4,  etc. 

It  may  be  added  that  ZrOs,  as  the  species  Baddeleyite.  crystallizes  in  the  monoclinic 
system. 
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OA8SITBRITB.    Tin-stoDe,  Tin  Ore.    Zinnstein  Qerm, 
Tetragonal.     Axis  6  =  0-6723. 

671.  672. 


673. 


110  A  111  =  46"  27'. 
321  A  281  =  20*'  581'. 
821  A  821  =  61'  42'. 


«',  101  A  Oil  =  46'  28'. 
«",  101  A  101  =  67*  50'. 
w*,  111  A  ill  =  58-  19'. 

m".  Ill  A  ill  =  87'  r. 

Twins  common:  tw.  pi.  e,  both  contact-  and  penetration  twins  (Fig.  67^. 
also  Fig.  373,  p.  124);  often  repeated.  Crystals  low  pyramidal;  also  prigmatic 
and  acutely  terminated.  Often  in  reniform  shapes,  structure  fibrous  divergent; 
also  massive,  granular  or  impalpable;  in  rolled  grains. 

Cleavage:  a  imperfect;  s  (111)  more  so;  m  hardly  distinct.  Fracture 
Bubconchoidal  to  uneven  Brittle.  H.  =  6-7.  G.  =  6 •8-71.  Luster  ada- 
mantine, and  crystals  usually  splendent.  Color  brown  or  black;  sonietin.es 
red,  gray,  white,  or  yellow.  Streak  white,  grayish,  brownish.  Nearly  trans- 
parent to  opaque.     Optically  +.     Indices:  gOj  =  19966,  ey  =  2'0934. 

Var. — Oi'dinary.  Tin-stone.     In  crystals  and  massive. 

Wood-tin  (Holzzinnerz  Oerm.).  In  botryoidal  and  reniform  shapes,  concentric  in  struc- 
ture, and  radiated  fibrous  internally,  although  very  compact,  with  the  color  browuish.  of 
mixed  shades,  looking  somewhat  like  dry  wood  in  its  colors.  7oad*S'eye  tin  is  the  same,  en 
a  smaller  scale.  Stream  tin  is  the  ore  in  the  state  of  sand,  as  it  occurs  along  the  bed>  (f 
streams  or  in  gmvel. 

Comp.— Tin  dioxide,  SnO,  =  Oxygen  21-4,  tin  78*6  =  100.  A  little  Ta,0. 
is  sometimes  present,  also  Fe,0,. 

P3rr.,  etc.— B.B.  alone  unnltered.  On  charcoal  with  soda  reduced  to  metallic  tin,  aiui 
gives  a  white  coating.  With  the  fluxes  sometimes  gives  reactions  for  iron  and  manganese 
Only  slightly  acted  lipon  by  acids. 

Diff.— Distincruished  by  its  high  specific  gravity,  hardness,  iufusibilitv,  and  by  itsyultl 
ing  metallic  tin  B  B.:  resembles  some  varieties  of  garnet,  sphalerite,  and  black  louruialim 
Specific  gravity  (65)  higher  than  that  of  rutile  (4);  wolframite  is  easily  fusible. 

Ob». — Occurs  in  veins  traversing  granite,  gneiss,  mica  schist,  chlorite  or  cla}'  schist,  acii 
porphyry;  also  in  finely  reticulated  veins  forming  the  ore-deposits  called  stockworks,  or 
simply  impregnating  the  enclosing  rock.     The  commonly  associated  minerals  are  quart? 
wolframite,  scheelite:  also  mica,  topaz,  tourmaline,  apatite,  fluorite;  further  pyrite,  arnut 
pyrite,  sphalerite;  molybdenite,  native  bismuth,  etc. 

Formerly  very  abundant,  now  less  so.  in  Cornwall,  in  fine  crystals,  and  also  as  tcoodt!' 
and  stream-tin;  in  Devonshire,  near  Tavistock  and  elsewhere;  in  pseudomoi-phs  afur 
feldspar  at  Wheal  Coates.  near  St.  Agnes,  Cornwall;  in  fine  crystals,  often  twins,  ai 
Schlftckenwald,  Graupen.  Joachimsthal,  Zinnwald,  etc.,  in  Bohemia,  and  at  Ehrenfri^nlers- 
dorf.Altenberg,  etc.,  in  Saxony;  at  Limoges  in  splendid  crystals;  Sweden,  at  Finbo:  Finlumi. 
at  Pitkftrnnta. 

In  the  E.  Indies,  on  the  Malay  peninsula  of  Malacca  and  the  neighboring  islands,  Barua 
and  Bilitong  near  Borneo.  In  New  South  Wales  abundant  over  an  area  rf  8500  sq.  n  iles 
also  in  Victoria,  Queensland  and  Tasmania.  In  Bolivia;  Mexico,  in  Durango;  also 
Guanajuato,  Zacatecas,  Jalisco. 
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In  the  United  States,  in  Maine,  sparingly  at  Paris.  Hebron,  etc.  In  Mass.,  at  Chesterfield 
and  Goshen,  rare.  In  N.  Hamp.,  at  Jackson.  In  Virginia,  on  Irish  Creek,  Rockbridge 
Co  .  with  wolframite,  etc.  In  Alabama,  in  Coosa  Co.  In  5.  Dakota  near  Harney  Peak  and 
near  Custer  City  in  the  Black  Hills,  where  it  has  been  mined.  In  Wyoming,  in  Crook  Co. 
In  Montana,  near  Dillon.     In  Caltfamia,  in  San  Bernardino  Co.,  at  Temescal. 

Polianite.  Manganese  dioxide,  MnO».  In  composite  parallel  groupings  of  minute 
crystals;  also  forming  the  ouler  shell  of  crystals  liaving  the  form  of  manganite.  H.  =  6-6-5. 
G.  =  4-992.  Luster  metallic.  Color  light  steel-gray  or  iron-ffray.  Streak  black.  From 
Flatten,  Bohemia.  It  is  distinguished  from  pyrolusite  by  its  hardness  and  its  anhydrous 
ciiaracter.    Like  pyrolusite  it  is  often  a  pseudomorph  after  manganite. 


ruthaB. 

Tetragonal. 
674. 


Axis  C  =  0-64415. 


676. 


676. 


?^".  310  A  310  =  86"  54'.  ««',  111  A  HI  =  56** 

etf'.    101  A  Oil  =  45°    2'.  ««",  111  A  111  =  84M0'. 

e^\    101  A  iOl  =  66*  34i'.  tf,  813  a  133  =  29**    6'. 

Twins:  tw.  pi.  (1)  e,  often  geniculated  (Fig.  676);  also  contact-twins  of 
verv  varied  habit,  sometimes  sixlings  and  eightlings  (Fig.  361,  p.  122;  Fig. 
375',  p.  124).  (2)  V  (301)  rare,  contact-twins  (Fig.  377,  p.  125).  Crystals 
commonly  prismatic,  vertically  striated  or  furrowed;  often  slender  acicular. 
(Jceasionally  compact,  massive. 

Cleavage:  a  and  w  distinct;  s  in  traces.  Fracture  subconchoidal  to 
uneven.  Brittle.  H.  =  6-6-5,  G.  =  4-18-4-25;  also  to  5*2.  Luster  nietallic- 
adiimantine.  Color  reddish  brown,  passing  into  red;  sometimes  yellowish, 
bluish,  violet,  black,  rarely  grass-green;  by  transmitted  light  deep  red. 
Streak  pale  brown.  Transparent  to  opaque.  Optically  +.  Refractive  indices 
liigh :  co^  =  2*6158,  e^  =  2*9029  for  Na.  Birefringence  very  high.  Sometimes 
abnormally  biaxial. 

Comp.,  Tar.— Titanium  dioxide,  TiO,  =  Oxygen  40*0,  titanium  60*0=  100. 
A  little  iron  is  usually  present,  sometimes\ip  to  10  p.  c. 

Var. — Ordinary,  Brownish  red  and  other  shades,  not  black.  G.  =  4*18-4-25.  Trans- 
parent quartz  (sagenite)  is  sometimes  penetrated  thickly  with  acicular  or  capillary  crystals. 
Dark  smoky  quartz  penetrated  with  the  acicular  rulile  is  the  Flfiches  d*amour  Fr.  (or  Venus 
hair  stone).  Acicular  crystals  often  implanted  in  parallel  position  on  tabular  crystals  of 
hematite;  also  somewhat  similarly  on  magnetite. 

Ferriferous,  (a)  Nigrine  is  black  in  color,  whence  the  name:  contains  2  to  8  p.  c.  of 
FojOt  (b)  Hmencmtile  is  a  black  variety  from  the  Ilmen  Mts..  containing  up  to  10  p.  c 
or  more  of  PejO..     G   =  5  07  -  5-18 

Pjr.,  etc. — B.B.  infusible.  With  salt  of  phosphorus  gives  a  colorless  bead,  which  in 
R.F.  assumes  a  violet  color  on  cooling  Most  varl<*tie8  contain  iron,  and  give  a  brownish- 
vcllow  or  red  bend  in  R.F..  the  violet  only  appearing  after  treatment  of  the  bead  with 
nu'tullic  tfii  on  charcoal.    Insoluble  in  acids;  made  soluble  by  fusion  with  an  alkali  or 
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alkaline  carbonate.  The  solution  containing  an  excess  of  acid,  with  the  addition  of  tin -foil, 
gives  a  beautiful  violet  color  when  concentrated. 

Diff.— Charncterized  by  its  peculiur  subudamantine  luster  and  brownish-red  color. 
Differs  from  tourmaline,  vesuvianiie,  augite  iu  being  entirely  unaltered  when  heated  alone 
B.B.     Specific  gravity  about  4,  of  cassiterite  6*5. 

Obs.— Rutile  occurs  in  granite,  gneis^,  mica  slate,  and  syenitic  rocks,  and  sometimes  in 
granular  limestone  and  dolomite;  common,  as  a  secondary  product,  in  the  form  of  microliter 
m  many  slutes.  It  is  generally  found  in  embedded  crystals,  otten  in  masses  of  quariz  or 
feldspar,  and  frequently  in  acicular  crystals  penetrating  quartz;  also  in  phlogopite  (wh.  see) 
and  has  been  observea  in  diamond.  It  has  also  been  met  with  in  hematite  and  iluieuite. 
rarely  in  chromite.    It  is  common  in  grains  or  fragments  in  many  auriferous  sands. 

Prominent  localities  are:  Arendal  and  KragerO  in  Norway;  HorrsjGberg,  Sweden,  wiih 
lazulite  and  cyanite;  Saualpe.  Carinthia;  in  the  Urals;  in  Tyrol;  at  St.  Gk>thard  andBinneo- 
thal,  Switzerland;  at  Yrieuz,  near  Limoges  in  France;  atOhlapian  in  Transylvania,  nigrint 
in  pebbles:  in  Inrge  crystals  in  Perthshire,  ScoHand;  in  Donem]  Co.,  Ireland. 

In  Maine,  at  Warren.  In  Vermonty  at  Waterbury;  also  in  loose  bowlders  in  middle  and 
northern  Vermont,  acicular,  some  specimens  of  great  beauty  in  transparent  quartz.  In  Mam.. 
at  Barre,  iu  gneiss;  at  Shelburne,  in  mica  slate.  In  N.  York,  in  Orange  Co.,  Edenville;  War- 
wick; E.  of  Amity.  In  Penn.,  at  Sudsbury,  Chester  Co.,  and  the  adjoining  district  in  Lan- 
caster Co.;  at  Parksburi;,  Concord,  West  Bradford,  and  Newlin,  Chester  Co.;  at  the  Poor 
House  quarry,  Chester  Co.  In  N.  Jer$ey,  at  Newton,  with  spinel.  In  N,  Oar,,  at  Crowder's 
Moimtnin;  at  Stony  Point,  Alexander  Co.,  in  splendent  crystals.  In  Georgia,  in  Habersham 
Co. :  in  Lincoln  Co.,  at  Qraves'  Mountain,  with  lazulite  in  large  and  splendent  crystals.  In 
Arka7i$<u,  at  Magnet  Cove,  commonly  in  twins,  with  brookite  and  perovskite,  also  as 
p  inimorphs  after  brookite. 

Plattnerite.  Lead  dioxide.  PbOs.  Rarely  in  prismatic  crystals,  usually  massive. 
H.  =  5-5*5.  Q.  =  8*5.  Luster  submeUilHc.  Color  iron-black.  Streak  cheatnut-browD. 
From  Leadhills  and  Wanlockhead,  Scotland.  Also  at  the  "  As  You  Like"  mine,  Mulhin, 
Cceur  d'Alene  Mts.,  Idaho. 

Baddele3rite,  Zircon  dioxide,  ZrO«.  In  tabular  monocHnic  crystals.  H.  =  6*6.  G.  = 
5*5-6  0.  Colorless  to  yellow,  brown  and  black.  From  Ceylon;  also  Jacupiraoga,  Brazil 
ibrazilits)  where  it  is  associated  with  isirkeliU,  (Ca,Fe)0.2(Zr,Ti,Th)Oa. 


OOTAHBDRITE.    Anatase. 
Tetragonal.    Axis  d  =  1-7771. 

677.  678.  Commonly  octahedral  in  habit, 

either  acnte  {p.  111),  or  obtnse 
(v,  117);  also  tabular,  c  predomi- 
nating; rarely  prismatic  crystals; 
frequently  highly  modified. 

e«',    101  A  Oil  =  76'   5'. 
«5",  101  A  101  =  12r  16'. 

pp',  111  A  ill  =  82"  y. 

pj/\  111  A  111  =  136**  36'. 
««',    113  A  113=    54**    r. 
ot'     117  a  117=    27**89'. 
_  Cleavage:  c  and p  perfect.     Frac- 

Brittle.  H.  =  5-5-6.  G.  =  3-82-3-95;  sometimes  411- 
Luster  adamantine  or  metallic-adamantine  Color  various 
shades  of  brown,  passing  into  indigo-blue,  and  black;  greenish  yellow  by 
transmitted  light.  Streak  uncolored.  Transparent  to  nearly  opaque.  Opti- 
cally—.  Birefringence  rather  high.  Indices:  a?y  =  2*554, 
Sometimes  abnormally  biaxial. 

Comp.— Titanium  dioxide,  TiO,  =  Oxygen  40*0,  titanium  60'0  =  100, 


ture  subconchoidal. 
4*16  after  heating. 


€y  =  2-493. 


Pyr..  etc.— Same  as  for  rutile. 

Obs.— Most  abiiudaut  at  Boiirg  d'Oisans, 


ID  Dauphin^,  with  feldspar,  axinlte,  and 
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ilmenite;  near  Hof  in  the  Fichtelgebirge;  Norway;  the  Urals;  in  chlorite  in  Devonshire, 
near  Tavistock;  with  brookite  at  Tremadoc.  in  iJorth  Wales;  in  Cornwall,  near  Liskeard 
and  at  Tiutagel  Cliffs;  in  Brazil  iu  quartz,  and  in  detached  crystals.  lu  Switzerland  in  the 
Biuneothal  the  variety  imserine,  long  supposed  to  be  xenotime;  also  Cavradi,  Tavetscli; 
Kauris,  Salzburg,  iu  the  £astern  Alps ;  also  at  Pfitsch  Joch. 

In  the  U.  States,  at  the  Dexter  lime  rock,  Smithfield,  K.  I.,  in  dolomite;  in  the  wash- 
ings at  Briudletowu,  Burke  Co.,  K.  C,  in  transparent  tabular  crystals. 


BROOKITE. 

Orthorhombic. 
680. 


Axes  a:h:6  =  0-8416  :  1 :  0-9444. 
681. 


682. 


f»m"M10Ali0  =  80M0'. 
a^,  lia  A  112  =  58*  48*. 
«"',      112  A  112  =  44'  48'. 


jd',  122  A  i22  =  44**  23'. 
«•",  122  A  122  =  78'  57'. 
me,  110  A  122  =  45**  42'. 


Only  in  crystals,  of  varied  habit. 

Cleavage:  m  indistinct;  c  still  more  so.     Fracture  subconchoidal  to  un- 
...      "o-:..!.      Tj  _^.n  «      n  -o.Q-  >i.Ao       L^g^gj.   metallic-adamantine 

reddish,  reddish  brown,  and 


Streak  uncolored  to  grayish 


even.  Brittle.  H.  =  5-5-6.  G.  =  3-87-4 -OS. 
to  submetallic.  Color  hair-brown,  vellowish, 
translucent;  also  brown  to  iron-black,  opaque, 
or  yellowish.     Optical  characters,  see  p.  225. 

Comp.— Titanium  dioxide,  TiO,  =  Oxygen  40-0,  titanium  600  =  100. 

Pyr.— Same  as  for  nitile. 

Obs. — Occurs  at  Bourg  d'Oisans  in  Dauphine;  at  St.  Gothard,  witb  albile  and  quartz; 
Maderaner  Thai.  Switzerland;  in  the  Ural,  district  of  Zlatoust,  near  Miask,  and  in  ilie 
gold-wa«b'ng«  iu  tbe  Sanarka  river  and  elsewhere;  at  Fronolen,  near  Tremadoc,  Wales. 

In  tbe  U.  8.,  in  ihick  black  crystals  (arkansite)  at  Magnet  (*ove,  Ozark  Mts.,  Arkansits, 
with  elseolite,  black  garnet,  scborlomite.  rntile,  etc.;  in  small  crystals  from  the  guld- 
washings  of  North  Carolina;  at  the  lend  mine  at  Ellenyille,  Ulster  Co.,  N.  T.,  on  quartz, 
with  chalcopyrite  and  galena;  at  Paris,  Maine. 

Named  after  the  English  mineralogist,  H.  J.  Brooke  (1T71-1857). 


PTROIiUSITE. 

Orthorhombic,  but  perhaps  only  pseudomorphous.  Commonly  columnar, 
often  diverfifent;  also  granular  massive,  and  frequently  in  reniform  coats. 

Soft,  often  soiling  the  fingers.  H.  =  2-2-5.  G.  =  4-73-4-86.  Luster 
metallic.  Color  iron-black,  dark  steel-gray,  sometimes  bluish.  Streak  black 
or  bluish  black,  sometimes  submetallic.     Opaque. 

Comp. — Manganese  dioxide,  MnO,,  like  polianite  (p.  345).  Commonly 
contains  a  little  water  (2  p.  c),  it  having  had  usually  a  pseudomorphous 
origin  (after  manganite). 

It  is  uncertain  whether  pyrolnsite  is  an  independent  species,  with  a  crystalline  form  of 
its  own.  or  only  a  secondary  mineral  derived  chiefly  from  the  dehydration  of  manganite; 
al8^>  from  polianite  (Breith.).  Pseudomorphous  crystals  having  distinctly  the  form  of 
manganite  are  common. 
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Pyr.,  etc. — Like  polianlte,  but  most  yarieties  yield  some  water  in  the  closed  tube. 

Diff— Hardness  less  than  that  of  psilomelaoe.  Differs  from  iron  ores  iu  its  reactioD  for 
manguuese  B.B.  Easily  distinguished  from  psilomelane  by  its  inferior  hardness,  and 
nsuuTiy  l)y  beiug  crystalline.     Its  streak  is  black;  that  of  manganite  is  more  or  less  brown. 

Obs. — This  ore  is  extensively  worked  at  Elgersberg  near  Ilmeuau,  and  other  places  iu 
Thuiingiii;  at  Vorderehrensdorf  in  Moravia;  at  Flatten  in  Bohemia,  and  elsewhere;  near 
Johaungeorgenstadt;  at  H  rschberg  in  Westphalia;  Matzka,  Transylvania;  in  Australia;  iu 
Indii. 

Occurs  in  the  United  States  whh  psilomelane,  abundantly  in  Vermont,  at  Brandon,  etc.; 
at  Pluintleld  and  West  Stockbridge,  Mass.;  Augusta  Co.,  Yirgiuia;  Pope,  Pulaski,  Mont- 
gomery Cos. .  Arkansas.  Iu  New  Brunswick,  7  m.  f r.  Bathurst.  Iu  Nova  Scotia,  at  Teny 
Capp;  at  Walton,  etc. 

Tho  name  is  from  xOp,  fire,  and  Xoveiv,  to  wash,  because  used  to  discharge  the  brown 
and  green  (FeO)  tints  of  glass;  and  for  the  same  reason  it  is  whimsically  entitled  by  the 
French  U  utwn  de  verrier$. 


B.  Hydrous  Oxides. 

Among  the  hydrous  oxides  the  Diaspore  Group  is  well  characterized. 
Here  belong  the  hydrates  of  aln minium,  iron  and  manganese.     The  general 

m 

formula  is  properly  written  RO(OH).  The  three  species  here  included  are 
orthorhombic  in  crystallization  with  related  angles  and  axial  ratios;  this  rela- 
tion is  deviated  from  by  manganite  in  the  prismatic  zone. 

Another  less  prominent  group  is  the  Brucite  Group,  including  the 
rhombohedral  species  Brucite,  Mg(OH),  and  Pyrochroite,  Mn(OH). 

Gibbsite,  Af(OH)„  and  Sassolite,  B(OH),,  are  also  related,  and  farther 
Hydrotalcite  and  Pyroaurite. 


Diaspore  Group.     RO(OH) 

or  B,0,.H,0. 

Orthorhombic. 

d: 

h:6                   i 
a 

Diaspore                   A1,0,.H,0 

0-9372  ' 

1  :  0-6039  or  0-6443 

Oothite                     Fe,O..H,0 

0-9185  : 

1  :  0-6068  or  0-6606 

Manganite                Mn,0,.H,0 

0-8441 

1  :  0-5448  or  0-6463 

DIASPORE. 

Orthorhombic.  Axes:  d:h  :  i  —  0-9372  :  1  :  0*6039.  Crystals  prismatic, 
mm"^  =  86"*  17';  usually  thin,  flattened  ||  b;  sometimes  acicular.  Also  foliated 
massive  and  in  thin  scales;  sometimes  stalactitic. 

Cleavage:  b  eminent;  h  (210)  less  perfect.  Fracture  conchoidal,  very 
brittle.  H.  =  6*5-7.  G.  =  3-3-3*5.  Luster  brilliant;  pearly  on  cleavage-face, 
elsewhere  vitreous.  Color  whitish,  grayish  white,  greenish  gray,  hair-brown, 
yellowish,  to  colorless.  Pleochroic.  Transparent  to  snbtranslucent.  Optically 
+.  Birefringence  high.  Ax.  pi.  ||  b.  Bx  J_  a.  Dispersion  p  <v,  feeble. 
2H^y=  103°  53'.     /9  =  1-722. 

Comp.— AIO(OH)  or  A1,0,.H,0  =  Alumina  85-0,  water  15-0  =  100. 

Pyr.,  etc. — In  the  closed  tube  usually  decrepitates  strongly,  sepnraline  into  white 
pearly  scales,  and  nt  a  hiph  temperature  yields  water.  Infusible;  with  cooalt  solution 
gives  a  deep  blue  color.  Not  attacked  by  acids,  but  after  ignition  soluble  in  sulphuric 
scid. 

Diff —Distinguished  by  its  hardness  and  pearly  luster;  aljio  (B.B.)  by  its  decrepitation 
and  yielding  water;  by  the  reaction  for  alumina  with  cobalt  solution.  Resembles  some 
varieties  of  hornblende,  but  is  harder. 

Obi.— Commonly  found  with  corundum  or  emery.  Occurs  near  Kossoibrod,  in  tbe 
Ural;  at  Schemuitz,  Huugary;   with  corundum  in  dolomite  at  Campolongn,  Tessin,  in 
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Switzerland;  Qreiner  in  the  Zillerthal.  In  the  U.  S.,  with  corundum  and  margarite  at 
Newlin,  Chester  Co.»  Pa.;  at  the  emery  mines  of  Chester,  Mass.;  in  cavities  in  massive 
corundum  at  the  Culsagee  mine;  near  Franklin,  Hacon  Co.,  N.  Carolina;  with  alunite 
forming  rock  masses  at  Mt.  Robinson,  Roeita  Hills,  Colorado. 

Named  by  HaQy  from  Staaneipety,  to  matter,  alluding  to  the  usual  decrepitation  before 
the  blowpipe. 


OOTHTTE. 

Orthorhombic. 

mm"',  110  A  110  =  86"    8'. 
f<j',        on  A  Oil  =  62*  30'. 


Axes  d:h:d  =  0-9185  :  1  :  0-6068. 

pj/.    111  A  ill  =  58"  65'. 
pjf'\  111  A  111  =  53"  42'. 


683. 


In  prisms  Tertically  striated^  and  often  flattened  into 
scales  or  tables  Q  b.  Also  fibrous;  foliated  or  in  scales;  mas- 
sive, reniform  and  stalactitic^  with  concentric  and  radiated 
structure. 

Cleavage :  b  very  perfect.  Fracture  uneven.  Brittle. 
H.  =  5-5*5.  G.  =  4-0-4-4.  Luster  imperfect  adamantine. 
Color  yellowish,  reddish,  and  blackish  brown.  Often  blood- 
re*  i  by  transmitted  light.  Streak  brownish  yellow  to  ocher- 
vellow. 

Var. — In  tbin  scale-like  or  tabular  crystals,  usually  attached  by  one  edge.  Also  in 
acicular  or  capillary  (not  flexible)  crystals,  or  slender  prisms,  often  radiately  grouped:  the 
XeedU'IronMione.  It  passes  iuto  a  variety  with  a  velvety  surface:  the  Prtibramite  (Sammet- 
bende)  of  Pribram  is  of  this  kind.    Also  columnar,  fibrous,  etc.,  as  above. 

Cornp — FeO(OH)  or  Fe,0,.H,0  =  Oxygen  27-0,  iron  629,  water  101  =  100, 
or  Iron  sesquioxide  89-9,  water  10*1  =  100. 

Pjrr-,  etc. — In  the  closed  tube  gives  off  water  and  is  converted  into  red  iron  sesqui- 
oxide. With  the  fluxes  like  hematite;  most  varieties  give  a  man^oese  reaction,  and  some, 
treated  in  the  forceps  in  O.F.,  after  moistening  in  sulphuric  acid,  impart  a  bluish-green 
color  to  the  flame  (phosphoric  acid).     Soluble  in  hydrochloric  acid. 

Diff. — Distinguished  from  hematite  by  its  yellow  streak;  from  limonite  by  crystalline 
nature;  it  also  contains  less  water  than  limonite. 

Obs. — Found  with  the  other  oxides  of  iron,  especially  hematite  or  Hmonite.  Occurs 
at  Eiserfeld  near  Siegen,  in  Nassau:  at  Clifton,  near  Bristol,  England;  in  Cornwall. 
In  the  U.  8.,  at  the  Jackson  Iron  mine,  Negaunee,  L.  Superior;  in  Conn.,  at  Salisbury; 
in  Penn..  near  Easton;  inothe  Pike's  Penk  region,  Colorado.  Named  Q&thite  (Goethite) 
after  the  poet-philosopher  Goethe  (1749-1882). 


MANGANmi. 

Orthorhombic. 
684. 


Axes  d\l\i=  0-8441 
685 


1  :  0-5448. 
hh"\  410  A  4i0  =  28'  W. 
fnm'",  110  A  110  =  80°  20'. 
ee',  205  A  205  =  28°  57. 
^.  Oil  A  Oil  =  57°  10'. 
pj/,       111  A  ill  =  59°    5}'. 


Crystals  commonly  prismatic,  the 
faces  deeply  striated  vertically;  often 
grouped  in  bundles.  Twins :  tw.  pi. 
e  (Oil).     Also  columnar;  stalactitic. 

Cleavage :  b  very  perfect ;  m  per- 
H.  =  4.     G.  =  4-2-4-4.      Luster    sub- 


feet.      Fracture    uneven.      Brittle. 

metallic.     Color  dark  steel-gray  to  iron-black.     Streak  reddish  brown,  some- 
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times  nearlyblack.     Opaqne;  in  minute  splinters  sometimes  brown  by  trans- 
mitted light. 

Coinp.— MuO(OH)  or  Mn,0,.H,0  =  Oxygen  27-3,  manganese  62*4,  water 
10*3  =  100,  or  Manganese  sesquioxide  89*7,  water  103  =  100. 

Pyr.,  etc. — lu  the  closed  lube  yields  water:  maujpmese  reactious  with  the  fluxes,  p.  263. 

Oba.— Occurs  at  Ileield  iu  the  Hurz;  Unienau  in  Thuringiu:  Coruwall,  at  Tarious 
n1:ices;  also  in  Cuuiberland,  etc.  Iu  the  L.  Superior  uiiuing  region  at  the  Jackaon  mlDc, 
Negaunee;  Devil's  Head,  Douglas  Co.,  Colorado.  Iu  Novn  Scotia,  ai  Cheverie,  Hants  Co., 
aud  Walton.    In  New  Brunswick,  at  Shepody  mountain,  Albert  Co.,  etc 


UMONTTB.    Brown  Hematite.    Brauueisenstein  Germ, 

Not  crystallized.  Usually  in  stalactitic  and  botryoidal  or  mammillary 
forms^  having  a  fibrous  or  subfibrous  structure;  also  concretionary,  massive; 
and  occasionally  earthy. 

H.  =  5-5'5.  G.  =  3-6-40.  Luster  silky,  often  submetallic;  sometimes 
dull  and  earthy.  Color  of  surface  of  fracture  various  shades  of  brown,  com- 
monly dark,  aud  none  bright;  sometimes  with  a  nearly  black  varnish-like 
exterior;  when  earthy,  brownish  yellow,  ocher-yellow.  Streak  yellowish 
brown.     Opaque. 

Var.— (1)  Compact,  Submetallic  to  silky  in  luster;  often  stalactitic,  botryoidal.  etc. 
(incl.  brauner  Glaskopf  Oerm  ).  (2)  Oeherous  or  earthy,  browuish  yellow  to  ocher-yellow. 
often  impure  from  the  presence  of  clny,  sand,  etc.  (3)  Bog  ore  The  ore  from  marshy 
places,  generally  loose  or  porous  iu  texture,  often  petrifying  leaves,  wood,  nuts,  etc. 
(4)  Brown  elay^ironsUme,  in  compact  masses,  often  iu  concretionary  nodules. 

Comp.— 2Fe,0,.3H,0  =  Oxygen  25-7,  iron  598,  water  14*5  =  100,  or  Iron 
sesquioxide  85*5,  water  14*5  =  100.  In  the  bog  ores  and  ochers,  sand,  clay, 
phosphates,  oxides  of  manganese,  and  humic  or  other  acids  of  organic  origiii 
are  very  common  impurities. 

Pyr..  etc.— Like  fi:5thite.  Some  varieties  leave  a  siliceous  skeleton  in  the  salt  of  |  l)o>^ 
phoru8  bead,  and  a  siliceous  residue  when  dissolved  in  acids. 

Diff.— Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hnrdness.  and  its 
reaction  for  water.  Does  not  decrepitate  B.B.,  like  lurgite.  Hot  crystallized  like  g5tliiie 
and  yields  more  water. 

Obs.— In  all  cases  a  result  of  the  alteration  of  other  ores,  or  minerals  contaiuiug  iron. 
through  exposure  to  moisture,  air,  and  carbonic  or  organic  acids;  derived  largely  from  the 
change  of  pyrite,  magnetite,  siderite,  ferriferous  dolomite,  etc.;  also  various  specii-s  (as 
mica,  pyroxene,  hornblende,  etc.).  which  contain  iron  in  the  ferrous  stiite(FeO».  It  con- 
sequently occupies,  as  a  hoc  ore,  marshy  places,  into  which  it  has  been  borae  by  streamles 
from  the  hills  arouud.  It  G  often  associated  with  manninese  ores.  Limonite  is  a  common 
ore  in  Bavaria,  the  Harz.  Luxembourg.  Scotland.  Sweden,  etc. 

Abundant  in  the  United  Sutes  Extensive  beds  exist  nt  Salisbury  and  Kent,  Conn., 
also  in  the  neicrhboring  towns  of  New  York,  nnd  in  a  similar  situation  in  Berkshire  Co., 
Mas??.,  and  in  Vermont;  in  Pennsylvania  widely  distributed;  also  in  Tennessee,  Alabama, 
Ohio,  etc. 

Named  Limonite  from  Xeifioov.  meadoir, 

TuRGiTB.  Hydrohematite.  Pe4H,0T  or  2Fe»0,.HaO.  Resembles  limonite  but  has  s 
red  streak.  G.  =  4-14-4 -6.  Decrepitates  B  B.  From  the  Turginsk  mine  in  the  Ural,  etc.; 
also  from  Salisbury,  Conn.    Intermediate  between  hematite  and  limonite. 

Xanthosiderite.  Gel beisen stein.  FesOt.SHaO.  In  fine  needles  or  fibers,  stellate  and 
concentric;  also  as  an  ocher.  Color  golden  yellowish,  brown  to  brownish  red.  Associated 
with  manganese  ores  at  Ilmenau,  etc. 

BAUXITE.    Beauxite. 

In  round  concretionary  disseminated  grains.  Also  massive,  oolitic;  aud 
earthy,  clay-like.  G,  =  2-55.  Color  whitish,  grayish,  to  ocher-yellow,  brown, 
and  red. 
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Var.— 1.  In  concreiionary  grains,  oroOlitic;  bauxite.  1  Clay-like,  toocheiniU:  the  purer 
kind  grayish,  clay-like,  containing  very  little  iron  oxide;  also  red  from  the  iron  oxide  present. 

Comp — Essentially  A1,0,.2H  0  =  Alumina  73-9,  water  261  =  100;  some 
analyses,  however,  give  A1,0,.H,0  like  diaspore. 

Iron  sesqiiioxide  is  usually  present,  sometimes  in  large  amount,  in  part  replacing 
ulumiua,  iu  imri  only  an  impurity.  Silica,  phosphoric  acid,  carbonic  acid,  lime,  maguvsia 
are  common  impuriiies. 

Obs. — From  Baux  (or  Beaux),  near  Aries,  and  elsewhere  in  France,  dissemiuated  in 
crains  in  compact  limestone,  and  also  o5litic.  Wocheinite  occurs  iu  Carniola,  betwei  n 
Feistritz  and  I^ke  Wochein.  The  purest  bauxite  is  used  for  the  manufacture  of  alumiii- 
iutn  (aluminum),  and  is  called  aluminium  ore.  In  the  U.  S.,  bauxite  occurs  in  Saline  and 
Pulaski  Cos.,  Arkansas;  also  in  Cherokee  and  Calhoun  Cos.,  Alabama,  and  in  Floyd, 
Barton  and  Walker  Cos.,  Georgia. 


Brucite  Group.     R(OH),.    Bhombobedral. 

BRUOn'B. 

Rhombohedral.     Axis  i  =  15208;  cr  =  60**  20J',  rr'  =  97°  374'. 
Crystals  usually  broad  tabular.     Also  commonly  foliated  massive;  fibrous,. 
fibers  separable  and  elastic. 

H.  =  25.  G.  =  2'38-:i'4.  Cleavage:  c  eminent.  Folia  separable  and 
flexible^  nearly  as  in  gypsum.  Sectile.  Luster  ||  c  pearly,  elsewhere  waxy  to 
vitreous.  Color  white,  inclining  to  gray,  blue,  or  green.  Transparent  to 
translucent.     Optically  +•     Indices:  oo,  =  1-559,  e,  =  1*5795. 

Comp.,  Tar, — Magnesium  hydrate,  Mg(OH),  or  MgO.H,0  =  Magnesia 
159*0,  water  31*0  =  100.     Iron  and  manganese  protoxide  are  sometimes  present. 

Var. — Ordinary^  occurring  in  plates,  white  to  pale  greenish  in  color;  strong  pearly 
luster  on  the  cleavage  surface.  Nemalite  is  a  fibrous  variety  containing  4  to  5  p.  c.  iron 
protoxide,  with  G.  =  2'44  Nuttall.  Mangahbrudte  contains  manganese;  occurs  granular; 
color  honey-yellow  to  brownish  red. 

Fyr.,  etc.— In  the  closed  tube  gives  off  water,  becoming  opaque  and  friable  sometimes 
turning  gray  to  brown:  the  manganesian  variety  becomes  dark  brown.  B.B.  infusible, 
srlows  with  a  bright  light,  and  the  ignited  mineral  reacts  alkaline  to  test-paper.  With 
cobalt  solution  gives  the  pale  pink  color  of  magnesia.  The  pure  mineral  is  soluble  in 
acids  without  effervescence. 

Diff, — Distinguished  by  its  infusibility,  softness,  cleavage,  and  foliated  structure.  Is 
harder  than  talc  and  differs  in  its  solubility  in  acids;  the  magnesia  test  and  optical  charactere 
-epai-ate  it  from  gypsum,  which  is  also  somewhat  softer. 

Obs. — Accompanies  other  raagnesian  minerals  in  serpentine,  also  found  in  limestone.  At 
Swinaness  In  Unst,  Shetland  Isles;  at  the  iron  mine  of  Cogne.  Aosta,  Italy;  near  Filip«tiuU 
in  Sweden.  At  Hoboken.  N.  J.,  in  serpentine;  at  the  Tilly  Foster  iron  mine.  Brewst<'r. 
X.  Y.,  well  crystallized;  Richmond  Co..  N.  Y.;  at  Wood's  mine,  Texas,  Pa.,  in  krg** 
plutes  or  ma^^es,  and  often  crystallizations  several  inches  across:  at  Low's  mine  with 
liydromagnesite.  NemaliU,  the  fibrous  variety,  occurs  at  Hoboken,  and  at  Xettes  in  the 
Vosges.  Manganbruciie  occurs  with  hausmannite  nnd  other  manganese  minenils  in  the 
gruiiular  limestone  of  Jakobsberg.  Nordmark,  Sweden. 

Xamed  after  the  eariy  American  mineralogist,  A.  Bruce  (1777-1818). 

Pyrochroite.  Manganese  hydrate,  Mn(OH),.  Usually  foliated,  like  brucite.  Luster 
pearly.  Color  white,  but  growing  dark  on  exposure.  Occurs  in  magnetite  at  Pajsberg, 
Sweden;  also  at  Nordmark;  and  at  Franklin  Furnace,  N.  J. 


GIBBSITB.     Hydrargillite. 

Monoclinic.  Axes  d  :  i  :  .  =  1-7089  :  1  :  1-9184;  fi  =  85°  29'.  CrvRtals 
tabular  I  c,  hexagonal  in  aspect.  Occasionally  in  spheroidal  conoretions. 
Also  stalactitic,  or  small  mammillary,  incrusting,  with  smooth  giirface,  and 
often  a  faint  fibrous  structure  within. 

Cleavage:  (?  eminent.     Tough.    H.  ~  2-5-3-5.    G.  =  2-3-2-4.     Color  white. 
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grayish,  greenish,  or  reddish  white.  Luster  of  c  pearly;  of  other  faces 
vitreous;  of  surface  of  stalactites  faint.  Translucent;  sometimes  transpareut 
in  crystals.     A  strong  argillaceous  odor  when  breathed  on. 

Comp. — Aluminium  hydrate,  Al(OH),  or  A1,0,.3H,0  =  Alumina  654, 
water  34  G  =  100. 

Pyr..  etc.— In  tbe  closed  tube  becomes  white  aud  opaque,  and  yields  water.  B.B.  infus- 
ible, wbiteus,  and  does  not  impart  a  green  color  to  the  flame.  With  cobalt  solution  give^  :i 
•deep  blue  color.    Soluble  in  concentrated  sulphuric  iicid. 

Obs.— The  crystallized  gibbsite  (hydrargillite)  occurs  in  the  Shishimsk  mountains  oear 
Zlatoust  in  the  Ural;  also  in  crystals  filling  cavities  in  natrolite  in  the  Langesundfiord .  Knr- 
wiiy;  OuroPreto,  Minas  Geraes,  Brazil.  In  the  U.  8..  in  stalactitic  form  at  RicbmoDJ. 
Mass.,  in  a  bed  of  limonite;  at  the  Clove  Mine,  Union  Vale,  Dutchess  Co.,  N.  Y.,  on  limo- 
uilc;  in  Orange  Co.,  N.  Y. 

Niimed  after  Col.  George  Gibbs. 

Sassolite.  Boric  acid,  B(OH)i.  Crystals  tabular  |  e  (tHclinic).  Usually  small  w  hite. 
pearly  scales.  G.  =  1  '48.  From  the  waters  of  the  Tuscan  lagoons  of  Monte  Rotondo  ami 
Casteiuuovo.  Exists  also  in  other  natural  waters,  as  at  Clear  I^ke,  in  Lake  Co.,  Califorui^i. 
Occurs  also  abundantly  in  the  crater  of  Vulcano,  Lipari  isles. 

Hydrotalcite.    Perhaps  Al(OH)i.8Mg(OH),.3H,0.   Lamellar-massiTe,  or  foliated,  som» 
whatlibrous.    H.  =  2.    Q.  =  2 -04-2 '09.    Color  while.    Luster  pearly.    Occurs  nt  the  mi  no 
of  Shishimsk,  district  of  Zlatoust,  Ural;  at  Snarum,  Norway,  in  serpentine  (hpdrotalciU). 

Pirroanxite.  Perhaps  Fe(OH)..8Mg(OH),.8H,0.  Occurs  at  the  L&ngban  iron-mine. 
Wermland,  Sweden,  in  gold-like  subnietallic  9c&\es  {ptfroauriU).  In  thin  scams  of  a  silveiv 
white  color  in  serpentine  in  the  island  Haaf-Grunay,  Scotland  {igeistromite), 

Ohaloophanite.  Hydrofranklinite.  (Mu,Zn)0.2MnOs.2HsO.  In  druses  of  iniuutt- 
tabular  rhombohedral  crystals;  sometimes  octahedral  in  aspect.  Also  in  foliated  a^?re- 
gates;  stalactitic  and  plumose.  G.  =  3*907.  Luster  metallic,  brilliant.  Color  bluish  hUic-, 
10  irou -black.  Streak  chocolate-brown,  dull.  Occurs  at  Sterling  Hill,  near  Ogdeusburg. 
Sussex  Co.,  N.  J. 

PSII.OMSLANB.  # 

Massive  and  botryoidal  ;  renilorm;  stalactitic.  H.  =  5-6.  G.  =  3'7-4  T. 
Luster  submetallic,  dull.  Streak  brownish  black,  shining.  Color  iron-black, 
passing  into  dark  steel-gray.     Opaque. 

Comp. — A  hydrous  manganese  manganate  in  which  part  of  the  manganese 
is  often  replaced  by  barium  or  potassium,  perhaps  conforming  to  H^AlnU^. 
The  material  is  generally  very  impure,  and  the  composition  hence  doubtful.  * 
Pyr.,  etc.— In  the  closed  tube  most  varieties  yield  water,  and  all  lose  oxygen  o- 
ignition;  with  the  fluxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  wiih  evolw- 
tiou  of  chlorine. 

Obs. — A  common  but  impure  ore  of  mauganese;  frequently  in  alternating  layers  witli 
pyrolusite.  From  Devonshire  and  Cornwall;  Ilefeld  in  the  Harz;  also  at  Ilmeniiu.  Sieir^n. 
etc.  Forms  mammillary  masses  at  Brandon,  etc.,  Vt.  In  Independence  Co..  and  rl-r 
where  in  Arkansas.  With  pyrolusile  at  Douglas,  Hants  Co..  Nova  Scotia.  Named  frcui 
ilfiAd?,  smooth  or  naked,  and  n4\a'i,  black. 

The  following  mineral  substances  here  included  are  mixtures  of  various  oxides,  chicflv 
of  manganese  (MnOa,  also  MnO),  cobalt,  copper,  with  also  iron,  and  from  10  to  20  p.  r 
water.  These  are  results  of  the  decomposition  of  other  ores— partly  of  oxides  and  sif 
phides,  partly  of  manganesian  carbonates,  and  can  hardly  be  regarded  as  represent iuc 
distinct  mineral  species. 

Wad.  In  amorphous  and  renifnrm  masses,  either  earthy  or  compnct;  also  incrustir,- 
or  as  stains.  Usually  very  soft,  soilinjr  the  fincrers;  less  often  hard  to  H.  =6.  G.  =  :v^»- 
4-26;  often  loosely  aggregated,  and  feeling  very  light  to  tbe  hand.  Color  dull  black,  blui-:. 
or  brownish  black. 

Bog  Manoakese  consists  mainly  of  oxide  of  manganese  and  water,  with  some  oxide  if 
iron,  nnd  often  silica,  alumina,  baryta 

AsBOLiTE,  or  Earthy  Cobalt,  contains  oxide  of  cobalt,  which  sometimes  amotmts  v^ 
32  p  c. 

Lampadite.  or  Cupremis  Manganete,  is  a  wad  containing  4  to  18  p.  c.  of  oxide  of 
copper,  and  often  oxide  of  cobalt  also. 
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VI.  Oxygen-salts. 

The  Sixth  Class  includes  the  salts  of  the  various  oxygen  acids.  These  fall 
into  the  following  seven  sections:  1.  Carbonates;  2.  Silicates  and  Titanates; 
o.  Niobates  and  Tantalates;  4.  Phosphates,  Arsenates,  etc.;  also  the  Nitrates; 
i).  Borates  and  Uranates;  6.  Sulphates,  Chromates  and  Tellnrates;  7.  Tung- 
states  and  Molybdates. 

1.  CARBONATES. 

A.  Anhydrous  Carbonates. 

The  Anhydrous  Carbonates  include  two  distinct  isomorphous  groups, 
the  Calcite  Geoup  and  the  Akagonitb  Group.  The  metallic  elements 
])resent  in  the  former  are  calcium,  magnesium,  iron,  manganese,  zinc  and 
oobiilt;  in  the  latter,  they  are  calcium,  barium,  strontium  and  lead. 

The  species  included  are  as  follows: 


Calcite  Group.    RCO,.    Rhombohedral. 


Calcite 

Normal  Dolomite 
Ankerite 
MagnesiU — 

Breunnerite 
Mesitite 

Pistomesite 

Oligonite 
Ehodochrosite 


Tri-rhombohedral 


74^ 
73' 


55' 
46' 


i 

0-8543 

0-8322 


CaCO, 

(Ca,Mg)CO. 
CaCO,.MgCO. 
CaCO..(Mg,Fe)CO, 
MgCO, 
(Mg,Fe)CO, 
2MgC0..FeC0, 
MgCO..FeCO, 
FeCO. 
(Fe,Mn)CO, 
MnCO. 
(Mn,Fe)CO, 
(Mn,Ca)CO, 
ZuCO. 
(Zn,Fe)CO, 
CoCO,  . 
only  the  prominent  species  of  this  group,  but  also  some  of  the 


73** 

72° 

72° 
72° 
73° 


48' 
36' 

46' 

42' 

0' 


0-8332 
0-8112 

0-8141 
0-8129 
0-8184 


73°    0'    0-8184 


72°  20'    0-8063 


Manganosiderite 

Manganocalcite  pt. 
^mithsfixute — 

Monheimite 
Spheerocobaltite 

This  list  gives  not  oniy   ine  prom 
i^^mori  bou9  liter  mediate  corapouuds. 

The  Calcite  Groitp  is  characterized  by  rhombohedral  crystallization.  All 
the  species  show,  when  distinctly  crystallized,  perfect  rhombohedral  cleavage, 
the  angle  varying  from  75°  (and  105^)  in  calcite  to  73°  (and  107°)  in  siderite. 
This  is  exhibited  in  the  table  above. 


2.  Arasronlte  Gronp. 

BCO,. 

Orthorhombic. 

mm'" 

&:h:6 

Arsgonite 

CaCO, 

63°  48' 

0-6224  :  1  :  07206 

Bromlite 

(CR,Ba)CO, 

Witherite 

BaCO, 

62°  12' 

0-6032  :  1  :  0-7302 

Strontianite 

SrCO, 

62°  41' 

0-6090  :  1  :  0-7239 

Cernssite 

PbCO. 

62°  46' 

0-6100  :  1  :  0-r2;?0 
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The  species  oi  the  Abaoonite  Gboup  crystallize  in  the  orthorhombic 
system,  bat  the  relation  to  those  of  the  Galcite  Oroup  is  made  more  close  hj 
the  fact  that  the  prismatic  angle  varieg  a  few  degrees  only  from  60°  (and  120) 
and  the  twinned  forms  with  the  fundamental  prism  as  twinning-plane  are 
pseado-hezagonal  in  character. 


1.  Calcite  Oroap.    BGO,.    Bhombohedral. 
OAZiOXTB.    I[alkBpath  G&rm.    Calc  Spar;  Calcareous  Spar. 
Bhombohedral    Axis  i  =  0'8543. 

686.  688.  690.  691. 


♦  See  the  spherical  projeciion.  Fig.  852,  p.  79. 
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Section  of  crystalline  limestone 
in  polarized  light. 


Habit  of  crystals  very  varied,  as  shown  in  the  figures,  from  obtuse  to  acute 
rhombohedral;  from  thin  tabular  to  long^  prismatic;  and  scalenohedral  of 
many  types,  often  highly  modified. 

Twins  (see  Figs.  383-390,  p.  126) :  (1)  Tw.  pi.  c,  common,  the  crystals  having 
the  same  vertical  axis.  (2)  Tw.  pi.  e  (Oll2),  very  common,  the  vertical  axes 
inclined  127°  29^'  and  52°  30^' ;  often  producing  706. 

twinning  lamellae  as  in  Iceland  Spar,  which  are, 
in  many  cases  of  secondary  origin  as  in  gran- 
ular limestones  (Fig.  T05);  this  twinning  may 
be  produced  artificially  (see  p.  148).  (3)  Tw. 
pi.  r,  not  common;  the  vertical  axes  inclined 
90°  46'  and  89°  14'.  (4)  Tw.  pi.  /  (02Sl), 
rare;  the  axes  intersect  at  angles  of  53°  46'  and 
1.26°  14'. 

Also  fibrous,  both  coarse  and  fine;  some- 
times lamellar;  often  granular;  from  coarse 
to  impalpable,  and  compact  to  earthy.  Also 
stalactitic,  tuberose,  nodular,  and  other  im- 
itative forms. 

Cleavage:  r  highly  perfect.  Parting  ||  e  (0ll2)  due  to  twinning.  Fracture 
conehoidal,  obtained  with  difficulty.  H.  =  3,  but  varying  with  the  direction 
on  the  cleavage  face;  earthy  kinds  softer.  G.  =  2*714,  in  pure  crystals,  but 
varying  somewhat  widely  in  impure  forms,  as  in  those  containing  iron,  man- 
ganese, etc.  Luster  vitreous  to  subvitroous  to  earthy.  Color  white  or  colorless; 
also  various  pale  shades  of  gray,  red,  green,  blue,  violet,  yellow;  also  brown  and 
black  when  impure.     Streak  white  or  grayish.     Transparent  to  opaque. 

Optically—.  Birefringence  very  high.  Refractive  indices  for  the  D  line: 
cj=  1  65849,  6  =  1-48625. 

Comp.— Calcium  carbonate,  CaCO,  =  Carbon  dioxide  44*0,  lime  56  0  =  100. 
Small  quantities  of  magnesium,  iron,  manganese,  zinc,  and  lead  may  be  present 
replacing  the  calcium. 

Var. — The  varieties  are  very  Dumerous,  and  diverse  in  appearance.  They  depend 
miiinly  on  the  following  points:  differences  in  ciystallization  and  structuml  condition, 
presence  of  impurities,  etc.,  the  extremes  being  perlect  crystals  and  earthy  massive  forms; 
also  on  composition  as  affected  by  isomorphous  replacement. 

A.  Varieties  based  craBPLY  upon  Crystallization  and  Accidental  Iicfurities. 

1.  Ordinary.  In  crystals  and  cleavable  masses,  the  crystals  varying  very  widely  in  habit 
is  already  noted.  Dog-tootfi  Spar  is  an  acute  scalenohedral  form;  Nail-fiead  Spar,  a  com- 
[Ktsite  variety  having  the  form  suggested  by  the  name.  The  transparent  variety  from 
Irchmd.  used  for  polarizing  prisms,  etc.,  is  called  Iceland  Sp'r  or  Doubly-refracting  Spar 
Dnppelspnth  Oerm.).  As  regards<^^r,  crystallized  calcite  varies  from  the  kinds  which  are 
f^erfectly  clear  and  colorless  through  yellow,  pink,  purple,  blue,  to  brown  and  black.  The 
color  is  usually  pale  except  as  caused  by  impurities.  These  impurities  miiy  be  pyrite, 
native  copper,  malachite,  sand,  etc.;  they  are  sometimes  arranged  in  symmetrical  form,  as 
iepcnding  upon  the  growth  of  the  crystals  and  hence  produce  many  varieties. 

FontainebUau  limestone,  from  Fontainebleau  nnd  Nemours.  France,  contains  a  large 
nnHUint  of  sand,  some  50  to  63  p.  c.     Similar  forms  occur  at  other  localities. 

2.  Kihrtyoi  and  lamellar  kinds.  Satin  Spar  is  fine  fibrous,  with  n  silky  luster;  resembles 
f  brous  irypsum,  also  called  satin  sj>ar,  but  is  much  harder  than  gypsum  and  effervesces 
with  acids. 

Argentine  is  a  pearly  lamellar  calcite,  the  lamellae  more  or  less  undulating;  color  white, 
frravisb,  yellowish.  Aphrite,  in  its  harder  and  more  sparry  variety  (Scfuiumspath)  is  a 
foliated  white  pearly  calcite.  near  argentine;  in  its  softer  kinds  (Sehaumerde)  it  approaches 
chalk,  though  lighter,  pearly  in  luster,  silvery  white  or  yellowish  in  color,  soft  and  greasy 
to  the  touch,  and  more  or  less  scaly  in  structure. 
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8.  Granular  mamve  to  eryptoeryitaUine  kindi  :  Limestone,  Marble,  Chalk, 

Granular  limestone  or  Saeeharcidal  limestone,  so  named  because  like  loaf  sugar  in  frac- 
ture, varying  from  coarse  to  very  fine  granular*  and  hence  to  eomftact  limestone;  coi(i> 
are  various,  as  white,  yellow,  reddish,  green;  usually  they  are  clouded  and  give  a  handsome 
effect  when  the  material  is  polished.  When  such  limestones  are  fit  for  polishing,  or  fir 
arcliitectural  or  ornamental  use,  they  are  citlled  marbles.  Many  varieties  have  spedj): 
names.  Shell-^marble  consists  largely  of  fossil  shells;  Lumachelle  or  fire-marble  is  a  d:.rk 
brown  shell-marble,  with  brilliant  fire-like  or  chatoyant  internal  reflections.  Ruin-mail  i 
is  a  kind  of  a  yellow  to  brown  color,  showing,  when  polished,  figures  bearing  somt 
resemblance  to  fortifications,  temples,  etc..  in  ruins,  due  to  infiltration  of  iron  oxide,  etc. 

LUhographie  stone  is  a  very  eveu-gmiued  compact  limestone,  of  buff  er  drab  color;  \i% 
that  of  Solenhofen.  Hydraulic  limestone  is  an  impure  limestone  which  after  ignition  s(i> 
i.e.,  takes  a  solid  form  under  water,  due  to  the  formation  of  a  silicate.  The  Fnndi 
varieties  contain  2  or  8  p.  c.  of  magnesia,  and  10  to  20  of  silica  and  alumina  (or  clay).  TIj- 
varieties  in  the  United  States  contain  20  to  40  p.  c.  of  m&fne{>ia,  and  12  to  30  p.  c.  of  silic. 
and  alumina.  Hard  compact  limestone  varies  from  nearly  pure  white,  through  gniyi>l:, 
drab,  buff,  yellowish,  and  reddish  shades,  to  bluish  ffray,  dark  brownish  gray,  and  black. 
and  sometimes  variously  veined.  Many  kinds  make  beautiful  marble  when  polished.  Ktd 
oxide  of  iron  produces  red  of  different  shades.  Shades  of  green  are  due  to  iron  protoxidi, 
chromium  oxide,  iron  silicate. 

Cfialk  is  white,  grayish  white,  or  yellowish,  and  soft  enough  to  leave  a  trace  on  a  lioanl. 
Calcareous  marl  is  a  soft  earthy  deposit,  with  or  without  distinct  fragments  of  sbell>;  i( 
generally  contains  much  clay,  and  graduates  into  a  calcareous  clay. 

Oolite  is  a  granular  limestone,  its  gniins  minute  concretions,  looking  somewhat  like  tl.v 
roe  of  fish,  the  name  coming  from  oooy,  egg.  Pisolite  (Erbseustein)  consists  of  concretioLS 
ns  large  often  as  a  small  pea,  or  larger,  having  usually  a  distinct  concentric  structure. 

Deposited  from  calcareous  springs,  streams,  or  in  ca^ I'ns.  etc.  (a)  Stalactites  are  c»i- 
c.neous  cylinders  or  cones  tliat  hang  from  the  roofs  of  limestone  caverns,  and  which  are 
formed  from  the  waters  that  drip  through  the  roof;  these  waters  hold  some  calcium 
bicarbonate  in  solution,  and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporator: 
takes  place.  Stalactites  vary  from  transparent  to  nearly  opaque;  from  a  crystalline  siriK 
ture  with  single  cleavage  directions  to  coarse  or  fine  granular  cleavable  and  to  radiavij 
filirous;  from  a  white  color  and  colorless  to  yellowish  gray  ai.d  brown,  (b)  Stalagmite  is  !i  t 
same  material  covering  the  fioors  of  caverns,  it  being  made  from  the  waters  that  drop  fp  m 
the  roofs,  or  from  sources  over  the  bottom  or  sides;  cones  of  it  sometimes  rise  from  u  ■ 
floor  to  meet  the  stalactites  above.  It  consists  of  layers,  irregularly  curved,  or  btn;. 
Stalagmite,  or  a  solid  kind  of  travertine  (see  below)  when  on  a  large  scale,  is  the  alabasU'^ 
stone  of  ancient  writers,  that  is,  the  stone  of  which  ointment  vases,  of  a  certain  form  calh  'i 
alubisters,  were  made  A  locality  near  Thebes,  now  \iell  known,  was  largely  explorc-tl  b} 
the  ancients,  and  the  material  has  oftcTi  been  hence  called  Egyptian  alabaster.  It  was  &U' 
formerly  called  onyx  and  onye/iites  because  of  its  beautiful  banded  structure.  In  the  arts  it 
is  often  now  called  Oriental  alabaster  or  onyx  marble.  Very  beautiful  marble  of  this  Ivind 
U  obtained  in  Algeria.  Mexican  onyx  is  a  similar  material  obtained  from  Tecali,  Put^Mi. 
Mexico;  also  in  a  beautiful  brecciated  form  from  the  extinct  crater  of  Zempoaltepec  w 
southern  Mexico.  Similar  kinds  oc(Mir  in  Missouri,  Arizona,  San  Luis  Obispo  Co.,  Culi 
fornia.  (c)  Calc-sinter,  Travertine.  Cale  lufa.  Travertine  is  of  essentially  the  same  oriirir 
with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivers,  especially  where  ii 
large  deposits,  as  along  the  river  Anio.  at  Tivoli,  near  Rome,  where  the  deposit  is  scores  cl 
feet  in  thickness,  (d)  Agaric  mineral;  Rock-milk  is  a  very  soft  white  material,  breakiic 
easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  sources  holding  lime  in 
solution,  (d'  RcKk-meal  is  white  and  light,  like  cotton,  becoming  a  powder  on  the  slightest 
pressure^ 

B.  Varieties  based  upon  Composition. 

These  include:  Dolomitic  calcite.  Contains  magnesium  carbonate,  thus  gradnatinc 
toward  true  dolomite.  Also  ba/ricaldte  (which  contains  some  BaCOs);  similarly,  strorttian^ 
calcite  (SrCO»),  ferrocalcite  (FoCOs),  manganocalcite  (MuCOs),  nncocalcite  (ZnCOs . 
plumbocaleite  (PbCOs). 

P3rr.,  etc. — B.B.  infusible,  but  becomes  caustic,  glows,  and  colors  the  flame  reddish 
yellow;  after  ignition  the  assay  reacts  alkaline;  moistened  with  hydrochloric  acid  impsiris 
the  characteristic  lime  color  to  the  flame.  In  the  solid  mass  effervesces  when  moisterei 
with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  even  in  cold  acid. 
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Difil— DistinguiBhing  characters:  perfect  rhombohedral  cleavage;  softness,  can  be 
scratched  with  a  knife;  effervescence  in  cold  dilute  acid;  infusibllity.  Less  hard  and  of 
lower  specific  gravity  than  aragonite  (wh.  see).  Resembles  in  its  different  varieties  the 
other  rhombobedral  carbonates,  but  is  less  hard,  of  lower  specific  gravity,  and  more 
readily  attacked  by  acid.  Also  resembles  some  varieties  of  barite,  but  has  lower  specific 
gravity;  it  is  iess  hard  than  feldspar  and  harder  than  gypsum. 

Recognized  in  thin  sections  by  its  low  refnictiou  and  very  high  birefringence,  the 
polarization  colors  in  the  thinnest  sections  attaining  white  of  the  highest  order.  The  nega- 
tive interference  figure,  with  many  closely  crowded  colored  rings,  is  also  characterisiic. 
The  rhombohedral  cleavage  is  often  shown  in  the  fine  fracture  lines;  systems  of  twinned 
lamellse  often  conspicuous  (Fig.  705),  especially  in  crystalline  limestone. 

Oba.— Calcite,  in  its  various  forms,  is  one  of  the  most  widely  distributed  of  minerals. 
Beds  of  sedimentary  limestone,  formed  from  organic  remains,  shells,  criiioiils,  corals,  etc., 
yit'id  on  metamorphism  crystalline  limestone  or  marble,  and  in  connection  with  these 
crystallized  calcite  and  also  deposits  in  caves  of  stalactites  and  stalagmites  often  occur. 
Common  with  the  zeolites  in  cavities  and  veins  of  igneous  rocks  as  a  result  of  alteration, 
:ind  similarly  though  less  abundant  with  granite,  syenite,  etc.  A  frequent  mineral  in 
inetjillifercms  deposits,. with  lead,  copper,  silver,  etc.  Deposited  from  lime-beuring  watera 
as  cnlc  sinter,  travertine,  etc.,  especially  in  connection  with  hot  springs  as  at  the  Mammoth 
Hot  Springs  in  the  Yellowstone  region. 

Some  of  the  best  known  localities  for  crystallized  calcite  are  the  following:  Andreas- 
berg  in  the  Harz;  the  mines  of  Freiberg.  Schiieeberg.  etc.,  in  Saxony:  Kupnikin  Hungary; 
Aussig  iu  Bohemia;  Bleiberg  in  Cannthia:  1'raversella  in  Piedmont;  Elba.  In  England 
Hi  Alston  Moor  and  Egremont  in  Cumberlaiui ;  Matlock,  Derbyshire;  Beer  AUton  in 
Devonshire;  at  numerous  points  in  Cornwall;  Weardale  in  Durham:  Stank  mine,  Lanca- 
shire. In  twin  crystals  of  great  variety  and  beauty  at  Guanajuato,  Mexico.  The  Iceland 
sfHir  hns  been  obtained  from  Iceland  near  Helgustadir  on  the  Eskefiord.  It  occurs  in  a 
large  cavity  in  basalt.  The  crystals,  usually  showing  the  fundamental  rhombohedron,  are 
often  coatefl  with  tufts  of  s'ilbite. 

In  the  U.  States,  crystallized  calcite  occurs  in  N  York,  in  St.  Lawrence  Co.,  especially 
at  the  Rossie  lead  mine;  in  Jefferson  Co.,  near  Oxbow;  dog-tooth  spar,  in  Niagara  Co, 
near  Lockport.  wiih pearl  spar,  celestite.  etc.;  in  Lewis  Co.,  at  Leyden  and  I^wville,  and  at 
the  Martinsburif  lead  mine;  at  Anthony's  Nose  on  the  Hudson,  formerly  groups  of  large 
tabujar  crystals.  In  if.  Jersey,  at  Bergen,  yellow  calcite  with  datolile,  etc.  In  Virginia, 
at  Wier's  cave,  sialaeiUea  of  great  beauty;  also  in  the  large  caves  of  Kentuck;/.  At  the 
Lake  Superior  copper  mines,  complex  crystals  often  containing  scales  of  native  copper. 
At  Wai-saw,  Illinois,  in  great  variety  of  form,  lining  geodes  and  implnnted  on  quartz 
crysTjils:  at  Quincy.  In  Missouri,  with  dolomite  near  St.  Louis;  also  with  sphalerite  at 
Joplin  and  other  points  in  the  zinc  region  in  the  south-western  part  of  the  stale,  the 
crystals  usually  scalenobedral  and  of  a  wiue-yellow  color.  From  the  Bad  Lands.  South 
]);ikota.  In  Nova  Scotia,  at  Partridge  I.,  a  wine-colored  calcite,  and  other  interesting 
vurieiies. 

Thinolite.  A  tufa  deposit  of  calcium  carbonate  occurring  on  an  enormous  scnle  in 
north-western  Nevada;  also  occurs  about  Mono  Lake,  California.  It  forms  layers  of  inter- 
laced crystals  of  a  pahe  yellow  or  light  brown  color  and  often  skeleton  structure  except 
when  covered  by  subsequent  deposit  of  calcium  carbonate. 


MM*,  4041  A  4401  =  118°  5^. 


DOLOBSTTE.    Pearl  Spar  pt. 
Tri-rhombohedral.     Axis  6  =  0  832i^. 
cr,    0001  A  1011  =  43''  52'. 
rr*,  101 1  A  ilOl  =  73"  46'. 

Habit  rhombohedral,  usually  r  or  M{40il):  the 
presence  of  rhombohedrons  of  the  second  or  third  series 
after  the  phenacite  type  very  characteristic.  The 
r  faces  commonly  curved  or  made  up  of  sub-individ- 
uals, and  thus  passing  into  saddle-shaped  forms  (Fig. 
706).  Also  granular,  coarse  or  fine,  resembling  ordin- 
ary marble. 

Cleavage:    r  perfect.      Fracture  subconchoidal. 


706. 


Brittle.     H.  =  3-5-4 
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O.  =  2'8-2'9.  Luster  vitreoua,  inclining  to  pearly  in  some  yarieties.  Culor 
white,  reddish,  or  greenish  white;  also  rose-red,  green,  brown,  gray,  and  black. 
Transparent  to  translucent.  Optically  — .  ijDj  =  1-68174  Na.  €j  =  l-5U'^Jo 
Na,  Fizean. 

Comp. — Carbonate  of  calcium  and  magnesium  (Ca,Mg)CO,  ;  for  normal 
dolomite  CaMgC.O,  or  CaCO,.MgeO,  =  Carbon  dioxide  47*9,  lime  304, 
magnesia  21*7  =  100,  or  Calcium  carbonate  64-35,  magnesium  carbonate  45  6j 
=  100.  Varieties  occur  in  which  the  ratio  of  the  two  carbonates  varies  from 
1:1.  The  carbonates  of  iron  and  manganese  also  sometimes  enter ;  rarely 
oobalt  and  zinc  carbonates.  ^ 

Pyr.,  eto.—B.B.  acts  like  calcite.  Fmgmeuts  thrown  into  cold  acid,  unlike  calciu*,  nre 
only  very  slowly  acted  upon,  if  at  all,  while  in  powder  in  warm  acid  the  mineral  is  readily 
dissolved  with  effervescence.    The  ferriferous  dolomites  become  brown  on  exposure. 

Diff.— Resembles  calcite  (see  p.  857),  but  generally  to  be  distinguished  in  that  it  does 
noi  effervesce  readily  in  the  mass  in  cold  acid. 

Obs. — Massive  dolomite  constitutes  extensive  strata,  culled  limestone  strata,  in  various 
regions,  as  in  the  dolomite  region  of  the  southern  Tyrol.  Crystalline  and  compact  varieties 
are  often  associated  with  serpentine  and  other  magnesian  rocks,  and  with  ordinary  lime- 
stones. Some  prominent  localities  are:.  Leogang  in  Salzburg;  Schemnitz  and  Kapnik  in 
Uunirary;  Freiberg  in  Saxony.  In  Switzerland,  at  Bex,  in  crystals;  also  in  the  Binueuthul; 
Traversella  in  Piedmont;  Campolongo. 

In  the  U.  Stales,  in  Vermont,  at  ftoxbury.  In  N.  Jeney,  at  Hoboken.  In  N.  York,  at 
Lockport.  Niiigara  FiiUs,  etc.;  ai  the  Tilly  Foster  iron  mine.  Brewster,  Putnam  Co..  with 
magnetite,  chondrodite.  In  saddle-shaped  crystals  with  the  sphalerite  of  JopUn,  Miuouri. 
In  J\f.  Car.,  at  Stony  Point,  Alexander  Co. 

Named  after  Dolomieu  (1750-1801),  who  announced  some  of  the  marked  characteristics 
of  the  rock  in  1791 — its  not  effervescing  with  acids,  while  burning  like  limestone,  and 
solubility  after  heating  in  acids. 

Ankerite.  CaCOi  (Mg.Fe.Mn)COs«  or  for  normal  ankerite  2CaCOi.MgCOs.FeCOs. 
In  rhombohedral  crystals;  rV  =  73**  48';  also  crystalline  massive,  granular,  compact. 
O.  =  2*05-3  1.  Color  while,  gray,  reddish.  Occurs  with  siderite  at  the  Styrian  mines. 
€tc.    With  the  hematite  of  northern  New  York. 

MAGNSSTTE. 

Rhombohedral  Axis:  d  =  0-8112.  rr'  =  72**  36'.  Crystals  rare,  ustaally 
rhombohedral,  also  prismatic.  Commonly  massive;  granular  cleavable  to 
very  compact ;  earthy. 

Cleavage :  r  perfect.  Fracture  flat  conchoidal.  Brittle.  H.  =  3'5-4'5. 
O.  =  3*0-312,  cryst.  Luster  vitreous;  fibrous  varieties  sometimes  silky. 
Color  white,  yellowish,  or  grayish  white,  brown.  Transparent  to  opaque. 
Optically  — .     Double  refraction  strong. 

Comp.— Magnesium  carbonate,  MgCO,  =  Carbon  dioxide  52-4,  magnesia 
47*6  =  100.     Iron  carbonate  is  often  present. 

BreunneriU  contains  several  p.  c.  of  FeO;  Q.  =  S-3-2;  white,  yellowish,  browni?b. 
rarely  black  and  bituminous;  often  becoming  brown  on  exposure,  and  hence  called  5n£w« 
8par. 

IPyr.,  etc.— B.B.  resembles  calcite  and  dolomite,  and  like  the  latter  is  but  sligbtlr 
acted  upon  by  cold  acids;  iu  powder  is  readily  dissolved  with  effervescence  in  warn. 
hydrochloric  acid. 

Obs. — Found  in  talcose  schist,  serpontine  and  other  magnesian  rocks,  also  gjTJSum:  m 
veins  in  serpentine,  or  mixed  with  it  so  as  to  form  a  variety  of  verd-antique  marble 
OccuT-s  at  Hmbschlltz  in  Moravia;  at  Kraubat  and  Maria-Zell.  Styria;  Greiner  in  l  a 
Zillerihal.  Tvrol;  Snarum,  Norway. 

In  the  U,  5.,  ut  Bolton.  Mass.:  at  Roxbury,  veining  serpentine;  at  Bareliills  nt-nr 
Baltimore,  Md.;  in  Penn..  in  crystals  at  West  Goshen.  Che.ster  Co.;  near  Texas,  Lanca^tir 
Co.;  In  Tulare,  Alameda  Cos.,  California.  A  white  saccharoidal  magnesite  resemlilinf 
statuary  marble  bns  been  foimd  as  loose  blocks  on  an  island  in  the  St.  Lawrence  RivtM. 
near  the  Thousand  Island  Park. 
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lotermediate  between  magnesite  and  siderite  are: 

Mesitite.  2MgC0,.FeC0..  tV  =  72'  46'.  G.  =  3-85-8  86.  Usually  in  flat  rhom- 
bobetlrous  {e,  Oli*i)  with  rouuded  faces.     Traversellu,  Piedmont. 

P18TOME8ITE.  MgCOj.FeCO.  =  Magnesium  carbonate  420,  iron  carbonate  580  =  100. 
r/  =  72^  4*i'.     G.  =  8*42.     Tburnberg.  Salzburg:  also  Travei-sella. 


SIDERITZS.     Cbalybite,  Spatbic  Iron.    Eiseuspatb  Oerm. 

Rliombohedral.     Axis  (f  =  0  8184. 

T.    0001  A  lOil  =  43*  23'.     ty.      lOil  A  ilOl  =    78"    0'. 

V.  0001  Ar4041  =  75"  1 1'.     MM',  4041  A  4401  =  113**  42*. 

y,    OOOl  A  0551  =  78'    3'.     m',      0551  a  5051  =  115'  50'. 

cd,  0001  A  0881  =  82^  28'.     ddf,     0881  a  8081  =  118"  18*'. 


707. 


Crystals  commonly  rhohibobedral  r  or  e,  the 
faces  often  curved  and  built  up  of  sub-individuals 
like  dolomite.  Often  cleavable  massive  to  coarse 
or  fine  granular.  Also  in  botryoidal  and  globular 
forms,  subfibrous  within,  occasionally  silky  fibrous; 
compact  and  earthy. 

Cleavage:  r  perfect.  Fracture  uneven  or  subconchoidal.  Brittle.  H.  = 
;^  5-4.  G.  =  3*83-3*88.  Luster  vitreous,  inclining  to  pearly.  Color  ash-gray, 
yellowish  gray,  greenish  gray,  also  brown  and  brownish  red,  rarely  green;  and 
sometimes  white.  Streak  white.  Translucent  to  subtranslucent.  Optically 
— .     Double  refraction  strong. 

Com  p. — Iron  protocarbonate,  FeCO,  =  Carbon  dioxide  37*9,  iron  protoxide 
ti*2  I  =  100  (Fe  =  48*2  p.  c).  Manganese  may  be  present  (as  in  oligonite), 
also  magnesium  and  calcium. 

Pyr..  etc.— Ill  ^lie  closed  tube  decrepitates,  gives  ofif  CO,,  blackens  and  becomes 
nm^nc'tic.  B  B.  bhickeus  and  fuses  at  45.  With  tbe  fluxes  reacts  for  iron,  and  wiib  soda 
niul  niter  on  platinum  foil  generally  gives  a  manganese  reaction.  Only  slowly  acted  upon 
by  cold  acid,  but  dissolves  with  brisk  effervescence  in  hot  hydrochloric  acid.  Exposure  to 
tl'ie  atmosphere  darkens  its  color,  rendering  it  often  of  a  blackish-brown  or  brownish-red 
color, 

Diff — Characterized  by  rhombohedral  form  and  cleavage.  Specific  gravity  higher 
than  that  of  calcite,  dolomite  and  ankeiite.  Resembles  some  sphalerite  but  lacks  the 
resinous  luster,  differs  in  cleavage  an^He  and  yields  C0«  (not  H98)  with  hydrochloric  acid. 

Oba. — Occurs  in  many  of  the  rock  strata,  in  gneiss,  mica  slate,  clay  slate,  and  as  clay 
iron-stone  in  connection  with  the  Coal  formation  and  many  other  struiifled  deposits.  Ii  is 
often  associated  with  metallic  ores.  At  Freiberg  it  occurs  in  silver  mines.  In  Cornwall  it 
accompanies  tin.  It  is  also  found  accompanying  copper  and  iron  pyrites,  galena,  chalco- 
( itc,  tetrahedrite.  Occasionally  it  is  to  be  met  with  in  trap  rocks  as  spherosidef'ite  in 
plobular  concretions.  Extensive  deposits  occur  in  the  Eastern  Alps,  in  Slyria  and  Carinthia. 
At  Ilarzgerode  in  the  Harz.  it  occurs  in  fine  crystals  in  gray-wacke;  also  in  Cornwall  of 
varied  habit  at  many  localities:  at  Alston-Moor,  and  Tavistock,  Devoushii-e.  Fine  cleavage 
masses  occur  with  cryolite  in  Greenland. 

lu  tbe  United  States,  in  Vermont,  at  Plymouth.  In  Mass.,  at  Sterling.  In  C(mn.,  at 
Roxbury,  an  extensive  vein  in  quartz,  traversinc:  gneiss.  In  N.  T&rk,  a  series  of  deposits 
orcur  in  Columbia  Co.;  at  the  Uos«!ie  iron  mines.  St.  Lawrence  Co.  In  N.  Carolina,  at 
Fc») tress  and  Harlem  mines.  The  argillaceous  carbonate,  in  nodules  and  beds  (clay  iron- 
stone), is  abundant  in  the  coal  reijions  of  Penn..  Ohio,  and  many  parts  of  the  country.  In 
a  clay-bed  under  the  Tertiary  along  the  west  side  of  Chesapeake  Bay  for  50  m. 

RH0D0CHR08ITXI.     Dialogite.     Manganspath,  Himbeerspatb,  Oerm, 
Rhombohedral.    Axis  6  =  0  8184,  rr'  =  73°  0'.     Distinct  crystals  not  com- 
mon ;    usually   the  rhombohedron   r;    also  e,   with   rounded   striated   faces. 
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Gleavable,  massive  to  granular  massive  and  compact.  Also  globular  and 
botryoidal,  with  columnar  structure,  sometimes  indistinct;  incrusting. 

Cleavage:  r  perfect.  Fracture  uneven.  Brittle.  H.  =  3'5-4-5.  G.  =  3*45- 
3'60  and  higher.  Luster  vitreous,  inclining  to  pearly.  Color  shades  of  rose- 
red;  yellowish  gray,  fawn-colored,  dark  red,  brown.  Streak  white.  Translu- 
cent to  subtransluceut.     Optically  — . 

Gomp. — Manganese  protocarbouate,  MnCO,  =  Carbon  dioxide  38*3,  mauga- 
mese  protoxide  61*7  =  100.  Iron  carbonate  is  usually  present  even  up  to  40 
p.  c,  as  in  manganosiderUe;  sometimes  the  carbonate  of  calcium^  as  in  7nan- 
ganocalcite,  also  magnesium,  zinc,  and  rarely  cobalt. 

Pyr.,  etc. — B.B.  changes  to  gray,  browo,  and  black,  aDd  decrepitates  stroDgly,  but  Is 
infusible.  With  salt  of  pDO«phoru8  and  borax  iu  O.F.  gives  an  amethystine-colored  bead, 
in  R.F.  becomes  colorless.  With  soda  on  platinum  foil  a  bluish-green  mauganale.  Dissolves 
with  efTervesceace  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changes  to  brown, 
and  some  bright  rose-red  varieties  become  paler. 

T>ifL — Characterised  by  its  pink  color,  rhombohedral  form  and  cleavage,  eftervesceDce 
in  acids. 

Obs. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead  and  copper,  and  wiih 
other  ores  of  manganese.  Found  at  Schemnitz  and  Kapnik  in  Hungary;  Nagyag  in 
Transylvania;  at  Freiberg  in  Saxony;  at  Diez  near  Oberneisen  in  Nassau;  at  Daaden, 
Rbeinprovinz;  at  Moet-Fontaine  in  the  Ardennes,  Belgium.  Iu  the  U.  S.,  at  Branch ville, 
Conn. ;  in  New  Jersev,  with  frauklinite  at  Mine  Hill,  Franklin  Furnace.  In  Colorado,  at  the 
John  Reed  mine,  Alicante,  Lake  Co.,  in  beautiful  clear  rhombohedrons;  also  at  the  Oiiiay 
mine,  near  Lake  City.  In  Montana,  at  Butte  City.  Abundant  at  the  silver  mines  of  Austin, 
Nevada.    At  Placentia  Bajr,  Newfoundland. 

Named  rhodoehronie  from  p68oy,  a  roie,  and  xP^<^^^f  color;  and  tUaloffiU,  from 
Siakoyif,  doubt. 

BMlTHaOVnTB.    Calamine  pt.    Zinkspath.    Dry-bone  Miners, 
Ehombohedral.    Axis  i  =  0-8063.    rr^  =  72°  20'.     Rarely  well  crystallized ; 
faces  r  generally  curved  and  rough.     Usually  reniform,  botryoidal,  or  stalac- 
titic,  and  in  crystalline  incrustations;  also  granular,  and  sometimes  impalpable, 
occasionally  earthy  and  friable. 

Gleavable:  r  perfect.  Fracture  uneven  to  imperfectly  conchoidal.  Brittle. 
H.  =  5.  G.  =  4*30-4 "45.  Luster  vitreous,  inclining  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenish,  brownish  white,  sometimes  gi^een,  blue 
and  brown.     Subtransparent  to  translucent.     Optically  — . 

Comp. — Zinc  carbonate,, ZnCO»  =  Carbon  dioxide  35*2,  zinc  protoxide  64*8 
=  100.  Iron  carbonate  is  often  present  (as  in  monheimite) ;  also  manganese 
and  cobalt  carbonates;  further  calcium  and  magnesium  carbonates  in  traces; 
rarely  cadmium  and  indium. 

Pyr.,  etc. — In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  aud 
while  on  cooling  B.B.  infusible:  moistened  with  cobalt  solution  and  heated  in  O.F.  gives 
a  creen  color  on  cooling.  With  soda  on  charcoal  coats  the  coal  with  the  oxide,  which  i$ 
yellow  while  hot  and  white  on  cooling:  this  coating,  moistened  with  cobalt  solution,  gives 
a  green  color  after  heating  in  O.F.     Soluble  in  hydrochloric  acid  with  effervescence. 

Diflf. — Distinguished  from  calamine,  which  it  often  closely  resembles  by  Its  effervescence 
in  acids. 

Obs. — Found  both  in  veins  and  beds,  especially  in  company  with  galena  and  sphalerite; 
also  with  copper  and  iron  ores.  It  usually  occurs  in  calcareous  rocks,  and  is  generally  asso- 
ciated with  calamine,  and  sometimes  with  liraonite.  It  is  often  produced  by  the  action 
upon  zinc  sulphide  of  carbonated  waters. 

Found  at  Nerchinsk  in  Siberia:  at  Dognaozka  in  Hungary;  Bleiberg  and  Baihel  in 
Oarinthia;  Wiesloch  in  Baden;  Moresnet  in  Belgium;  AUenberg.  In  the  province  of 
Santander.  Spain,  at  Puente  Viesgo.  In  England,  at  Roughteu  Gill,  Alston  Moor,  near 
Matlock,  in  the  Mendip  Hills,  and  elsewhere  ;  in  Ireland,  at  Donegal.  At  Laurion, 
Greece,  varieties  of  many  colors. 
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In  the  17.  States.  In  Penn.,  at  Lancaster  abundant,  the  var.  called  "dry-booe";  at  the 
Ueberroth  mine,  near  Bethlehem,  in  scalenohedroDS.  In  Wueoimn,  at  Mineral  Point, 
Shullsbur^,  etc.,  pseudomorphs  after  sphalerite  and  calcite.  In  Minnesota,  at  £  wing's 
diggings,  i^.  W.  of  Dubuque,  etc.  In  south- western  Mmouri  associutcd  with  sphalerite 
and  culumiue.  In  Arkanms,  at  Calamine,  Lawreuce  Co.;  in  Marion  Co.  A  pink  cobuhil- 
erous  variety  occurs  at  Boleo.  Lower  California. 

Named  after  James  Smithson  (1754-1829),  who  founded  the  Smithsonian  Institution  in 
Washington.     The  name  calamine  is  frequently  used  in  England,  of.  calamine,  p.  446. 

SphflBrocobaltite.  Cobalt  protocarbonate,  CoCOs.  Kobaltspath  Oerm,  Rbomh(»- 
hedral.  In  small  spherical  masses,  with  crystalline  surface,  rarely  in  crystals.  G.  =  40*^ 
4' 13.    Color  rose-red.    From  Schneeberg,  Saxony. 


2.  Aragrouite  Group.    RGO,.    Orthorhombic. 
For  list  of  species,  see  p.  858. 
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Orthorhombic.     Axes  d : 
,  110  A  110  =  eS'*  48'. 
oil  A  Oil  =  71*  88'. 
Ill  A  ill  =  86'  241'. 

Ill  A  lii  =  60*  ar. 

Crystals  often  acicalar, 
and  characterized  by  the 
presence  of  acnte  domes  or 
pyramids.  Twins:  tw.  pi. 
m  commonly  repeated,  pro- 
d  u  c  i  n  g  pseuaohexagonal 
forma  (see  p.  127,  Figs.  398, 

399  and  710).    Also  globular,  reniform,  and  coralloidal  shapes;  sometimes 
columnar,  straight  or  divergent;  also  stalactitic;  incrusting. 

Cleavage:  h  distinct;  also  m;  k  (Oil)  imperfect  Fracture  subconchoidal. 
Brittle.  H.  =  3*5-4.  G.  =  2"93-2"95.  Luster  vitreous,  inclining  to  resinous 
on  surfaces  of  fracture.  Color  white;  also  gray,  yellow,  green  and  violet; 
streak  uncolored.  Transparent  to  translucent.  Optically — .  Ax.  pi.  ||  a. 
Bx  _L  c.     Dispersion  p>v  small.     2Ey  =  30°  54'.     /?y  =  1-6816. 

Comp. — Calcium  carbonate,  CaCO,  =  Carbon  dioxide  44*0,  lime  56-0  =  100. 
Some  varieties  contain  a  little  strontium,  others  lead,  and  rarely  zinc. 

Var.— Ordinary,  {a)  Crystnllized  in  simple  or  compound  crystals,  the  latter  much  the 
most  common;  often  in  mdiating  groups  of  acicular  crystals.  Columnar;  also  fine 
fibrous  with  silky  luster,     (c)  Massive. 

SUiCaetitie  or  stalagmitic :  Either  compact  or  fibrous  in  structure,  as  with  calcite:  Spru- 
delsteifi  is  stalactitic  from  Carlsbad.  Coj-alloidal:  In  groupings  of  delicate  interlacing  and 
coale-Hcing  stems,  of  a  snow-white  color,  and  looking  a  little  like  coral;  often  called  Flos- 
ftvri  (EisenblQthe  Oerm.).  TarnowiteiU  is  a  kind  containing  lead  carbonate  (4  to  8  p.  c), 
'from  Tamowltz  in  Silesia;  with  G.  =  2*99. 

Pyr.,  etc. — B  B.  whitens  and  falls  to  pieces,  and  sometimes,  when  containing  strontia, 
imparls  a  more  intensely  red  color  to  the  flame  than  lime;  otherwise  reacts  like  calcite. 

Diff. — Distinjruished  from  calcite  by  higher  specific  gravity  and  absence  of  rhombohedral 
cleavnge;  from  the  zeolites  {e.g.^  natrolite),  etc.,  by  effervescence  in  acid.  Strontianite  and 
witherite  are  fusible,  higher  in  specific  gravity  and  yield  distinctive  flames  B.B.  The 
resinous  luster  on  fracture  surfaces  is  to  be  noted. 

Obs. — The  most  common  repositories  of  arngonite  are  beds  of  gypsum:  also  beds  of  iron 
ore,  ns  the  Styrian  mines,  where  it  occurs  in  coralloidal  forms,  and  is  denominated  flot- 
fer^,  ^* flower  of  iron" \  in  basalt;  occasionally  it  occurs  in  lavas;  often  associated  with 
copper  and  iron  pyrites,  galena,  and  malachite.     It  constitutes  the  pearly  layer  of  .shells. 


DBSOBIPTITE  MINBRALOGY. 


First  diflCOTered  in  Aragon,  Spain  (whence  its  name),  at  Molina  and  ValeDcia,  in  six- 
sideti  prisms,  with  gypsum.  Prominent  localities  are  Bilin,  Bohemia;  Leogaug  in  Salzburg, 
Austria;  Uerreugruud,  Hungary;  with  sulphur  in  Sicily  in  tine  prisms;  also  at  Alston  Moor, 
fine  I  ape  ling  crystals. 

In  tibrous  crusls  at  Hobokeu,  N.  J.;  at  Edenville  and  Rossie.  N.  Y.;  Wood's  Mine, 
Lancaster  Co.,  Penn.;  Warsaw,  111.,  lining  geodes;  Mine-la-Motte,  Mo.,  in  crystals.  Flat- 
fa^  in  the  Organ  Mts.,  New  Mexico. 


WITHERITB. 

Orthorhombic.  Axes  &:h:d  =  0*6032  :  1  :  0-7302.  Crystals  always  repeated 
7XX,  twins,   simulating  hexagonal  pyramids.  Fig.  711  (cf. 

a  b  Fig.  557,  p.  227).    Also  massive,  columnar  or  granular. 

Cleavage  :  b  distinct  ;  m  imperfect.  Fracture 
uneven.  Brittle.  H.  =  3-3-75.  G.  =  4'27-4-35.  Luster 
vitreous,  inclining  to  resinous  on  surfaces  of  fracture. 
Color  white,  yellowish,  grayish.  Streak  white.  Sub- 
transparent  to  translucent. 

Comp. — Barium  carbonate,  BaCO,  =  Carbon  di- 
oxide 22-3,  baryta  777  =  100. 

Pyr.,  etc. — B.B.  fuses  at  2  to  a  bead,  coloring  the  flame 
yellowish  green;  after  fusion  reacts  alkaline.  B.B.  on  charcoal 
with  soda  fuses  easily,  and  is  absorbed  by  the  coal.  Soluble  in 
dilute  bydrucbloric  acid;  this  solution,  even  when  very  much 
diluted,  gives  with  sulphuric  acid  a  while  precipitate  which  h 
insoluble  in  acids. 

Diff  — Distinguished  by  its  high  specific  gravity ;  effer- 
vescence in  acid;  ^reen  coloration  of  the  flame  B.B.  Barite  is 
insoluble  in  hydrochloric  acid. 

Obs.— Occurs  at  Alston  Moor  in  Cumberland,  with  galena; 
at  Fallowfleld  near  Hexham  in  Northumberland;  Tarnowitz  in  Silesia-  Leogang  in  8nlz- 
burir;  near  Lexington.  Kentucky,  with  barite.  In  a  silver-bearing  vein  near  Rabbit  Mt.. 
Thunder  Bay,  L.  Superior. 

Bromlite.     (Ba.Ca)COs.     In  pseudohezagonal   pyramids   (Figs.    558.   559,  p.   227). 
Bromiiy  Hill,  neur  Alston,  Cumberland. 


STRONnANITB. 

Ortliorhorabic.     Axes  d:h:i  =  0*6090  :  1  :  0-7239. 

Crystals  often  acicular  or  acute  spear-shaped,  like  aragonite.  Twins:  tw. 
pi.  m  common.     Also  columnar,  fibrous  and  granular. 

Cleavage:  w  nearly  perfect;  ^  in  traces.  Fracture  uneven.  Brittle.  H. 
=  35-4.  G.  =  3'680-3-714.  Luster  vitreous;  inclining  to  resinous  on  faces 
of  fracture.  Color  pale  asparagus-green,  apple-green;  also  white,  gray,  yellow, 
and  yellowish  brown.  Streak  white.  Transparent  to  translucent.  Optically  — . 
Ax.  pi.  II  b.     Bx  i.c.     Dispersion  f}  <  v  small.     2Ep=  12''  17'. 

Comp. — Strontium  carbonate,  SrCO,  =  Carbon  dioxide  29*9,  strontia  70*1 
=  100.     A  little  calcium  is  sometimes  present. 

Pyr..  etc.— B.B  swells  up,  throws  out  mlnutes^prouts,  fuses  oul}^  on  the  thin  edges,  and 
oolr>rs  the  flame  strontia-red;  the  assay  reacts  alkaline  after  ienition.  Moistened  with 
hydrochloric  acid  and  treated  either  B.B.  or  in  the  naked  lamp  gives  an  intense  red  color. 
Soluble  in  hydrochloric  acid;  the  dilute  solution  when  treated  with  sulphuric  acid  gives  a 
white  precipitate. 

Diff. — Differs  from  related  minerals,  not  carbonates,  in  eflfervesciiig  with  acids;  has  a 
higher  specific  gravity  than  aragonite  and  lower  than  wilherite:  colors  the  flame  red  B  B. 

Obs. — Occurs  at  Btroulian  in  Argyllshire;  in  Yorkshire.  England;  Olausthal  in  the 
Harz;   BrSlunsdorf,  near  Freiberg,  Saxony;   Leogang  in  Salzburg;  near  Brixlegg.  Tyrol 
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(calcMironUanite);  in  fine  crystals  near  Hamm,  Westphalia;  at  the  Wilhelmine  mine  near 
Altahlen.  Wesphalla.  ,  ^  «  ^ 

lu  the  U.  States,  occurs  at  Schoharie,  N.  Y.;  at  Muscalonge  Lake;  Chaumont  Bay  and 
Theresa,  in  Jefferson  Co.,  N.  Y.,  MiflBin  Ck).,  Penn. 


OBRU88ITZI.    White  Lead  Ore.    Weissbleierz  Oerm. 
Orthorhombic.    Axes  d:h:6  =  060997  :  1  :  0-72300. 
7X2  7X3.  714. 


7X6. 
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mm'",  110  A  110  =  62'*  46'. 
**'.  Oil  A  Oil  =  7r  44'. 
»'.       021  A  OSl  =  110'  40'. 


cp,  000  A  111  =  54*  14'. 
pp\  111  A  ill  =  87^  42'. 
pj/'\  111  A  lil  =  49**  59i'. 


Simple  crystals  often  tabular  ||  &,  prismatic  ||  d;  also  pyramidal.  Twins: 
tw.  pi,  m,  very  common,  contact-  and  penetration-twins,  often  repeated  yielding 
six-rayed  stellate  groups.  Crystals  grouped  in  clusters,  and  aggregates.  Rarely 
fibrous,  often  granular  massive  and  compact;  earthy.     Sometimes  stalactitic. 

Cleavage:  m  and  i  (021)  distinct;  b  and  x  (012)  in  traces.  Fracture  con- 
clioidal.  Very  brittle.  H.  =  3-3*5.  G.  =  6*46-6-574.  Luster  adamantine, 
inclining  to  vitreous,  resinous,  or  pearly;  sometimes  submetallic.  Color  white, 
gray,  grayish  black,  sometimes  tinged  blue  or  green  (conper) ;  streak  uncolored. 
Transparent  to  subtranslucent.  Optically—.  Ax.  pi.  |  ^.  Bx±c,  Dispersion 
fj  >  V  large.     Indices  and  axial  angles,  Schrauf : 

a  /?                   ;/                   2V               2E 

Line  D        180368  20T628        2  07803     .-.     8**  14'        \T  8' 

Comp. — Lead  carbonate,  PbCO,  =  Carbon  dioxide  16*5,  lead  oxide  83  5 
=  100. 

Pjrr..  etc — In  the  closed  tube  decrepitates,  loses  carbon  dioxide,  turns  first  yellow,  and 
at  a  higher  temperature  dark  red,  but  becomes  again  yellow  on  cooling.  6.B.  ou  charcoal 
fuses  very  eavily,  and  in  R.F.  yields  metallic  lead.  Soluble  in  dilute  nitric  acid  with 
L-ftervescencc. 

I>iff — Characterized  by  high  specific  gravity  and  adamantine  luster;  also  by  yielding 
lead  B.B.     Unlike  auglesite,  it  efl!ervesces  with  nitric  acid. 

Obs.— Occurs  in  connection  with  other  lead  minerals,  and  is  formed  from  galena,  which, 
as  it  passes  to  a  sulphate,  may  be  changed  to  carbonate  by  means  of  solutions  of  calcium 
i>icarbonate.  It  is  found  at  Johanngeorgenstadt  in  beautiful  crystals:  Monte  Poni.  Sardinia; 
Fried riclissegen,  Nassau;  Badenweiler,  Btiden;  at  Claustbal  in  the  Harz;  at  Bleiberg  in 
CMrinthia;  in  Englau'l,  in  Cornwall;  at  £.  Tamar  mine,  Devonshire;  near  Matlock  and 
Wirksworth,  Derbyshire;  at  Leadhills  and  Wanlockhead,  Scotland. 

Found  in  Penn.,  at  Phenixville.  In  Virginia^  at  Austin's  mines,  Wythe  Co.  In  N. 
Carolina^  in  King's  mine.  In  Wisconsin  and  other  lead  mines  of  the  northwestern  States, 
rarely  in  crystals;  at  Hazelgreen,  crystals  coating  galena.  In  Colorado,  at  Leadville,  and 
elsewhere.  In  Aruona,  at  the  Flux  mine,  Pima  Co.,  in  large  crystalline  masses;  in  crystals 
:it  the  Red  Cloud  mine,  Tuma  Co. 
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BARTTOOALOrm. 

Monoclinic,  Axes  d:h:i  =  0-7717  :  1  :  0*6254;  P  =  73°  52'.  In  crystal; 
also  massive. 

Cleavage:  m  perfect;  cless  so.  Fracture  uneven  to  subconchoidal.  Brittle 
H.  =  4.  G.  =  3-64-3*66.  Luster  vitreous,  inclining  to  resinous.  Color  whiu. 
grayish,  greenish  or  yellowish.     Streak  white.     Transparent  to  translucent. 

Comp. — Carbonate  of  barium  and  calcium,  BaCOs.CaCOs  =  Carbon  dioiide 
29-G,  baryta  51-5,  lime  18-9  =  100. 

Pyr.,  etc. — B.B.  culors  the  flame  yellowish  greeu,  and  at  a  high  temperature  fusts  gl 
the  thin  edges  and  assumes  a  pale  green  color;  the  assay  reacts  alkaline  after  iguiiit-B. 
With  the  tluxes  reacts  for  mangauesc.  With  soda  ou  charcoal  the  lime  is  separated  as  an 
infusible  mass,  while  the  remainder  is  absorbed  by  the  coal.  Soluble  in  dilute  hydro- 
chloric acid. 

Obs. — Occurs  at  Alston  Moor  in  Cumberlaud,  in  limestoue  with  barite  and  fluorite. 

BismatoBjpharite.  Bii(COB)s.2Bia09.  In  spherical  forms  with  radiated  structure. 
G.  =7  42.  Color  yellow  to  gray  or  blackish  brown.  From  Scbneeberg,  Saxony.  Also 
sparingly  at  Willimaulic  and  Fortland,  Conn.,  as  a  result  of  the  alteration  of  bismutbiuitc 

Pariflite.  A  fluocarbonate  of  the  cerium  metals.  In  acute  double  hexagonal  pyramids. 
H.  =  4  5.  G.  =  4'858.  Color  brownish  yellow.  From  the  emerald  mines  of  the  3Iuso 
valley,  U.  S.  Colombia. 

Bastnasite.  Hamartite.  A  fluocarbonate  of  the  cerium  metals  (RF)COt.  Color  wax- 
yellow  to  reddish  brown.  From  the  Bastnfts  mine,  Riddarhyttan,  Sweden.  Also  as  an 
alteration  product  of  tysonite  in  the  granite  of  the  Pike's  Peak  region  in  Colorado. 

PHOSGENiTJB. 

Tetragonal.    Axis  6  =  1*0876.     Crystals  prismatic;  sometimes  tabular  |  r. 

Cleavage:  m,  a  distinct;  also  c.  Bather  sectile.  H.  =  2'75-3.  6.  =  6-0-6-3. 
Luster  adamantine.  Color  white,  gray,  and  yellow.  Streak  white.  Trans- 
parent to  translucent.     Optically  -f. 

Comp.— Chlorocarbonate  of  lead,  (PbCl),CO,  or  PbCO,.PbCl,  =  Lead 
carbonate  490,  lead  chloride  51*0  =  100. 

Pyr.,  etc, — B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white 
and  crystalline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coating  of  lea^l 
chlonMe.  With  a  salt  of  phosphorus  bead  previously  saturated  with  copper  oxide  gives  the 
chlorine  retiction.     Dissolves  with  eflfervescence  in  dilute  nitric  acid. 

Obs. — At  Cromford  near  Matlock  in  Derbyshire;  at  Gibbas,  Monte  Poni  and  MoIlt^ 
vecchio  in  Sardinia. 

Northupite.  MgCOs.Nn9COs.KaCl.  In  isometric  octahedrons.  White  to  yellow  or 
gray.     From  Borax  Lake,  San  Bernardino  Co.,  California. 


B.   Acid,  Basic,  and  Hydrous  Carbonates. 

Teachemaoherite.     Acid  ammonium    carbonate,  HNH«C03.    In  yellowish  to  white 
crystals.    Q.  =  1*45.    From  guano  deposits  of  Africa,  Patagonia,  the  Chincha  Islands. 


MALAOHTTI!. 

Monoclinic.     Axes  A:t:6  =  0*8809  ;  1  :  0-4012  ;  /?  =  61^  50'. 

Crystals  rarely  distinct,  usually  slender,  acicular  prisms  (mm'''  =  75**  Wl 
grouped  in  tufts  and  rosettes.  Twins:  tw.  pi.  a  common.  Commonly  massive 
or  incmsting,  with  surface  botryoidal,  or  stalactitic,  and  stmctnre  divergent: 
often  delicately  compact  fibrous,  and  banded  in  color;  frequently  granular  or 
earthy. 

Cleavage:  c  perfect;  &  less  so.  Fracture  su boon choidal,  uneven.  Brittle. 
H.  =  3-5-4.     G.  =  3-9-4-03.      Luster  of  crystals  adamantine,    inclining  to 


CAUBONATES. 


3G5 


Titreons  ;  of  fibrous  varieties  more  or  less  silky  ;  often  dull  and  earttiy.     Color 
bright  green.    Streak  paler  green.    Translucent  to  sub  translucent  to  opaque. 
Comp.— Basic    cupric    carbonate,  CuCO..Cu(OH),  or   2CuO.CO,.H,0  = 
Carbon  dioxide  19*9,  cupric  oxide  71*9,  water  8*2  =  100. 

Pyr.,  etc.— In  the  closed  tube  blackens  and  yields  water.  B.B.  fuses  at  2,  coloring  the 
flame  emerald- green;  on  charcoal  is  reduced  to  metallic  copper;  with  the  fluxes  reacts  like 
cuprite.    Soluble  in  acids  with  effervescence. 

UiS. — Characterized  by  green  color  aud  copper  reactions  B.B.;  differs  from  other  copper 
ores  of  a  green  color  in  its  effervesceuce  with  acids. 

Obs. — Common  with  other  ores  of  copper  and  as  a  product  of  their  alteration  ;  thus  as  a 
pseudomorph  after  cuprite  and  uzurite.  Occurs  abuudautly  in  the  Ural;  at  Chessy  in 
France;  in  Cornwall  and  in  Cumberland,  Englaud;  Rheiubreitbnch;  Dilleuburg,  Nassau; 
Betaxlorf  near  Siegen.  At  the  copper  mines  of  Nizhni  Tagilsk;  with  the  copper  ores  of' 
Cuba;  Chili;  at  the  Cobar  mines  and  elsewhere  in  New  South  Wales;  South  Australia. 

Occurs  in  N,  Jersey,  at  Schuyler's  mines, ^and  at  New  Brunswick.  In  Pennsylvania,  at 
Cornwall,  Lebanon  Co.;  at  the  rerkiomen  and  Phenixyille  lead-mines.  In  Wiscomin,  at 
the  copper  mines  of  Mineral  Point,  and  elsewhere.  Abundantly  in  fine  masses  and  acicular 
crystals,  with  calcite  at  the  Copper  Queen  mine.  Bisbee,  Cochise  Co..  Arizona;  also  in 
Graham  Co.,  at  Morenci  (6  m.  from  Clifton),  in  stalactitic  forms  of  malachite  and  azurite 
in  concentric  bands.  At  the  Santa  Rita  mines,  Grant  Co.,  and  elsewhere  In  Neto  Mexico. 
Tin  tic  district,  Utah,    Named  from  fjiaXax^,  maUowe,  in  allusion  to  the  green  color. 


AZURim.    Eupferlasur  Oerm, 
Monoclinic.    Axes :  d:i:d  =  0  8501  : 1  :  08805;  fi  =  87^  36' 


7X6. 


717. 


718. 
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ff»m'",  110  A  110  =  80'  41'. 
flkJ,  100  A  001  =  87*  86'. 
c<7,  001  A  101  =  44'  46'. 
«'.  '     028  A  028  =  60*  47'. 


p^,  021  A  021  =  120"  47'. 
cm,  001  A  110  =  88'  10'. 
erf.  001  A  248  =  54'  2^. 
M',  221  A  221  =    78**  56'. 


Crystals  yaried  in  habit  and  highly  modified.  Also  massive^  and  presenting 
imitative  shapes,  having  a  columnar  composition;  also  dull  and  eartny. 

Cleavage:  ;?  (021)  perfect  but  interrupted;  a  less  perfect;  m  in  traces. 
Fracture  conchoidal.  Brittle.  H.  =  3*5-4.  6.  =  3-77-3-83.  Luster  vitreous, 
almost  adamantine.  Color  various  shades  of  azure-blue,  passing  into  Berlin- 
blue.     Streak  blue,  lighter  than  the  color.     Transparent  to  subtranslucent. 

Comp.— Basic  cupric  carbonate,  2CnC0,.Cu(0H),  or  3Cu0.2CO,.H,0  = 
Carbon  dioxide  25*6,  cupric  oxide  69*2,  water  5*2  =  100. 

Pyr.,  etc. — Same  ns  in  malachite. 

Di£f.— Characterized  by  its  blue  color;  effervescence  in  nitric  acid;  copper  reactions 
B.B. 

Obs. — Occurs  in  splendid  crystallizations  at  Chessy,  near  LyoDS,  whence  it  derived  the 
name  Chewy  Copper  or  cheesyliU.  Also  in  fine  crystuls  in  Siberia;  Moldawa  in  ibe  Bnoat; 
at  Wheal  Buller,  near  Redruth  in  Cornwall:  in  Devonshire  and  Derbyshire,  Englaud: 
Oobar  mines  and  elsewhere  in  New  South  Wales;  South  Australia. 

Occurs  in  Penn.,  nt  Phenixville,  in  crystals.  In  N.  Jersey,  near  New  Brunswirk.  In 
Wisconsin,  near  Mineral  Point.    In  AritoiM,  at  the  Longfellow  aud  other  mines  in  Graham 
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Co.;  with  malachite  in  beautiful  crystals  at  the  Copper  Queen  mlue,  Btsbee.  lo  Gnut 
Co.,  New  Mexico,  At  the  Mammoth  mine  in  the  I'mtic  district,  Utah,  In  Califarnid, 
Calaveras  Co.,  at  Hughes's  miue,  iu  crystals. 

Aurichalcite.  A  basic  carbonate  of  zinc  and  copper,  2(Zn,Cu)COi.8(ZD,Cu>0H,. 
In  drusy  iocrusiations.  G.  =  8*54-3-64.  Luster  pearly.  Color  pale  gracn  to  sk^-uiuc. 
From  the  Altai;  Chessy,  near  L^ous;  Kezb&nya,  Hungary;  and  elsewhere.  In  the  L.  IS,  ui 
Lancaster,  Pa.;  the  Santa  Catenna  Mts..  Arizona;  Beaver  Co.,  Utah. 

Hydrosittcite.  A  basic  zinc  carbonate,  perhaps  ZnC0i.2Zn(0U),.  Massive,  fibro>i$. 
earthy  or  compact,  as  incrustatious.  G.  =  3'58-d'8.  Color  white,  gra^ibh  or  yellow i^ti 
Occurs  at  mines  of  zinc,  as  a  result  of  alleration.  In  great  C[uaDtiiies  at  the  Dolores  miui-. 
BaDtander,  Spain.     In  the  U.  S.,  at  Friedensville,  FK.;  at  Liudeu,  in  Wisconsiu. 

Hydrocerusaite.  A  basic  lead  carbonate,  probably  2PbC0t.Pb(0H)a.  In  thin  colorless 
hexagonal  plates.  Occurs  as  a  coating  on  native  lead,  at  L&ugbau,  Sweden;  with  galeua 
at  Wanlockhead.  Scotland. 

Dawsonite.  A  basic  carbonate  of  alumiuium  and  sodium,  NatAl(CO9)s.2Al(0U  a 
In  thin  incrustations  of  white  radiatine  bladed  crystals.  G.  =  2*40.  Found  on  a  feldsp&ibic 
dike  near  McGill  College,  Montreal.  From  the  province  of  Siena,  Plan  Castaguaio, 
Tuscany. 


ThermonatrlU.  Hydrous  sodium  carbonate,  Nr,CO,  +  H,0.  G.  =  l*5-r6.  Occurs 
in  various  lakes,  and  as  an  efflorescence  over  the  soil  in  many  diy  regions. 

Nesqnehonite.  Hydrous  magnesium  carbonate,  MgCOs  -|-  8H,0.  In  radiating  groups 
of  prismatic  crystals.  G.  =  183-1  "85.  Colorless  to  while.  From  a  coal  mine  at  Kesqiit 
honing,  Schuylkill  Co  ,  Penn.    See  lansfordite,  p.  867. 

Natron.  Hydrous  sodium  carbonate,  NatCOt  -J-  lOHtO.  Occurring  in  nature  ouly  In 
solution,  as  in  the  soda  lakes  of  Egypt,  and  elsewhere,  or  mixed  with  the  other  sodium 
carbonates.  « 

Pirssonite.  CaCO3.NatCO1.2H9O.  In  prismatic  crystals,  orthorhombic-hemimorpbic 
Colorless  to  white.    Borax  Lake,  San  Bernardino.  California. 


GATLUSSmi. 

Monoclinic.     Axes  €t:i:d=  1-4897  : 1 :  1-4442;  /S  =  78"*  27'. 

•yi^-  ^20.  ^^'/'^  110  A  lio  =  lir  W. 

ee\       on  AOil  =109'3(y. 

f?i«,       110  A  on  =   42*21'. 

rr',      il2Aii3=   69*  2^. 

Crystals  often  elongated  I  h\  also 
flattened  wedge-shaped.  Cleavage: 
m  perfect;  c  rather  difficnlt.  Frac- 
ture conchoidal.  Very  brittle.  H.  = 
2-3.  G.  =r  1-93-1 -95.  Luster  vitre- 
ous. Color  white,  yellowish  white. 
Streak  uncolored  to  grayish.    Translucent. 

Comp. — Hydrous  carbonate  of  calcium  and  sodium,  CaCO,.Na,CO$  -f  5H,0 
=  Calcium  carbonate  33-8,  sodium  carbonate  35  8,  water  30-4  =  100. 

Pyr.,  etc. — Heated  in  a  closed  tube  decrepitates  and  becomes  opaque.  B.B.  fn^ 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  Dissolves  in  adds  with  a 
brisk  effervescence:  partly  soluble  in  water,  and  reddens  turmeric  paper. 

Obs.— Abundant  at  Liagunilla,  near  Merida,  in  Venezuela,  In  crystals  disseminated  at 
the  bottom  of  a  small  lake,  in  a  bed  of  clay,  covering  urao.  Also  abundant  in  Little  Salt 
Lake,  or  Soda  Lake,  In  the  Carson  desert  near  Ra^lown,  Nevada,  deposited  upon  the 
evaporation  of  the  water.    Named  after  Gny  Lussac.  the  French  chemist  (1778-1850). 

Lanthanite.  Lai(COs)i  +  9H,0.  In  thin  tabular  crystals;  also  granular,  earthv. 
G.  =  2*605.    Color  grayish  white,  pink,   yellowish.    Found  coating  cerite  at  Bastn&s, 
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Sweden;  with  line  ores  of  the  Saucon.valley,  Lehigh  Co.,  Pa.;  at  the  Sandford  iron-ore  bed, 
Moriah,  N.  T. 


TRONA.    Urao. 
Monoclinic.    Axes:  &:i:d=  28460 : 1 :  29700;  /?  =  77**  23'. 

ca,    001  A  100  =  T?'' 23'.  721. 

CO,    001  A  ill  =  75**  58^'. 


00",  ill  A  Hi  =  47?  85i'. 

Often  fibrous  or  columnar  masslTe. 

Cleavage:   a  perfect;  o,   c  in    traces.    Fracture 
uneven  to  subeonchoidal.     H.  =  2-5-3.     G.  =  2'11- 
214.     Luster  vitreous,  glistening.     Color  gray  or  yellowish  white.     Translu^ 
cent.     Taste  alkaline. 

Comp.— Na.CC.HNaCOs  +  2H,0  or  3Na,0.4CO,.5H,0  =  Carbon  dioxide 
38-9,  soda  41-;^,  water  19*9  =  100. 

Chalani  estiiblished  the  above  composition  for  urao,  and  allowed  that  trona.  sometimes 
ciiUed  "sesquicaibonate  of  soda,"  is  an  impure  form  of  the  same  compound. 

Pyr..  etc.— In  tbe  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparls  an 
fntensfly  yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts 
alkaline  with  moistened  test-paper. 

Obs. Found  in  the  province  of  Fezzan,  Africa,  forming  thin  superficial  crusts;  at  the 

bottom  of  a  lake  at  Lagunilla.  Venezuela,  8.  A.  Efflorescences  of  trona  occur  near  the 
Sweetwater  river,  Rocky  Mountains.  An  extensive  bed  in  Churchill  Co.,  Nevada.  In 
fine  crystals  at  Borax  lake,  San  Bernardino  Co.,  California,  with  hauksite,  glauberite, 
thenaraite,  etc. 

Hydromagnesite.  Basic  magnesium  carbonate,  8MgCOs.Mg(OH)9  +  8H9O.  Crystals 
small,  tufted.  Also  amorphous;  as  chalky  crusts.  Color  and  streak  white.  Often  occurs 
with  seri^entine;  thus  at  HrubschUlz,  in  Moravia;  at  Kraubat,  Styria,  etc.  Also  similarly 
near  Texas,  Pa. :  Hoboken,  N.  J. 

Hydroglobertite.  MgCO,.Mg(OH),  +  2HaO.  In  light  gray  spherical  forms.  From 
the  neighborhood  of  Pollena,  Italy. 

Lansfordite.  3MgC0t.Mg(0H)»  -f  21H80.  Occurs  as  small  stalactites  in  the  anthracite 
mine  flt  Nesquehoniiig  near  Lansford,  Schuylkill  Co.,  Penn.;  changed  on  exposure  to 
nescjuehouiie. 

ZaraUte.  Emerald  Nickel.  NiCO,  2Ni(OH),  +  4HaO.  In  mammillary  incrustations;  also 
massive,  compact.  Color  emerald-green.  Occurs  on  chromite  at  Texas,  Lancaster  Co. ,  Pa. ; 
at  Swinaness,  Unst,  Shetland,  and  elsewhere. 

Remingtonite.  A  hydrous  cobalt  carbonate.  A  rose  colored  incrustation,  soft  and 
earthy.    From  a  copper  mine  near  Finksburg,  Carroll  Co.,  Maryland. 

Tengerite.  A  supposed  yttrium  Cftrl)onate.  In  white  pulverulent  coatings.  On  gado- 
linite  at  Ytterby.     A  similar  mineral  is  associated  with  the  gadolinite  of  Llano  Co..  Texas. 

Bismutite.  Wismuthspath  Germ.  A  basic  bismuth  carbonate  perhaps  BjaO.XJOa.HaO. 
Inonistinc.  or  earthy  and  pulvenilent;  amorphous.  G.  =  6-86-6-9  Breith.;  7-6/  Kg.  Color 
white,  gr^n.  yellow  and  gray.  Occurs  nt  Schnee^^erg  and  Johanngeorgenstadt.  with  native 
bismuth,  and  at  Joachlmsthal.  etc.  In  the  U.  8..  in  So.  Carohna.  at  Brewer's  mme;  m 
Gaston  Co.,  N.  C,  etc. 

UranothalUto.  2CaCO,.U(0O,),.10HaO.  In  scaly  or  granular  crystalline  aggregates. 
Color  siskin-green.    Occurs  on  uraninite  at  Joachlmsthal,  Bohemia. 

LiebWte.  A  hydrous  carbonate  of  uranium  and  calcium.  In  mammillary  concretions, 
or  thin  citings.  Color  applegreen.  Occurs  on  uraninite  near  Adrianople.  Turkey;  also 
Johanngeorgenstadt  and  Joachlmsthal. 

VoeUte.  A  hydrous  carbonate  of  uranium,  calcium  and  copper.  In  aggregations  of 
cryslalllnp  scales.  Color  emerald-green  to  bright  grass-green.  From  the  Elias  mine,  near 
Joachimsthal.  on  uraninite. 
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Oxygen  Salts. 
2.  SIUCATES. 

The  Silicates  are  in  part  strictly  anhydrous,  in  part  hydrous,  as  the  zeolites 
and  the  amorphous  clays,  etc.  Furthermore,  a  large  number  of  the  silicatts 
yield  more  or  less  water  upon  ignition,  and  in  many  cases  it  is  known  that  they 
are,  therefore,  to  be  regarded  as  basic  (or  acid)  silicates.  The  line,  however, 
between  the  strictly  anhydrous  and  hydrous  silicates  cannot  be  sharply  drawn, 
since  with  many  species  which  yield  water  upon  ignition  the  part  played  bv 
the  elements  forming  the  water  is  as  yet  uncertain.  Furthermore,  in  the  cslshs 
of  several  groups  the  strict  arrangement  must  be  deviated  from,  since  the 
relation  of  the  species  is  best  exhibited  by  introducing  the  related  hydrous 
species  immediately  after  the  others. 

This  chapter  closes  with  a  section  including  the  Titanates,  Silico-titanates, 
Titano-niobates,  etc.,  which  connect  the  Silicates  with  the  Niobates  ani 
Tantalates.     Some  Titanates  have  already  been  included  among  the  Oxides. 


Section  A.   Chiefly  Anhydrous  Silicates. 

I.  Diflilicates,  Folysilioates. 
II.  Metajillcates. 
m.  OrthoBilicates. 
rV.  Subflilioates. 

The  DisiLiCATES,  RSi,0^,  are  salts  of  disilicic  acid,  H,Si,0„  and  have  an 
oxygen  ratio  of  silicon  to  bases  of  4 :  1,  as  seen  when  the  formula  is  written 
after  the  dualistic  method,  RO.SSiO,. 

The  PoLYSiLiCATES,  R,Si,0,,  are  salts  of  polysilicic  acid,  H^Si.O^,  and 
have  an  oxygen  ratio  of  3  :  1,  as  seen  in  2R0.3SiO.. 

The  Metastlicates,  RSiO,,  are  salts  of  metasilicic  acid,  H,SiO„  and  have 
an  oxygen  ratio  of  2  :  1.     They  have  hence  been  called  hisilicates. 

The  Orthosilicates,  R^SiO^,  are  salts  of  orthosilicic  acid,  H^SiO^,  and 
have  an  oxygen  ratio  of  1 :  1.  They  have  hence  been  called  unisilicates.  The 
majority  of  the  silicates  fall  into  one  of  the  last  two  groups. 

Furthermore,  there  are  a  number  of  species  characterized  by  an  oxygen 
ratio  of  less  than  1  :  1,  e.g,y  3  :  4,  2  :  3,  etc.  These  basic  species  are  grouped 
as  SuBSiLiCATES.  Their  true  position  is  often  in  doubt;  in  most  cases  tnej 
are  probably  to  be  regarded  as  basic  salts  belonging  to  one  of  the  other  groups. 

The  above  classification  cannot,  however,  be  carried  through  strictly,  since 
there  are  many  species  which  do  not  exactly  conform  to  any  one  of  the  groups 
named,  and  often  the  true  interpretation  of  the  composition  is  doubtful. 
Furthermore,  within  the  limits  of  a  single  group  of  species,  connected  closely 
in  all  essential  characters,  there  may  be  a  wide  variation  in  the  proportion  of 
the  acidic  element.  Thus  the  tri clinic  feldspars,  placed  among  the  polysili- 
cates,  range  from  the  true  polysilicate,  NaAlSi.O^,  to  the  orthosilicate, 
CaAl,Si,0^,  with  many  intermediate  compounds,  regarded  as  isomorphous 
compounds  of  these  extremes.  Similarly  of  the  scapolite  group,  which,  how- 
ever, is  included  among  the  orthosilicates,  since  the  majority  of  the  compounds 
observed  approximate  to  that  type.     The  micas  form  another  example. 
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L  IHsUioates,  BSi,0..    FolysiUcates,  B.Si,0.. 

PSTAUTB. 

Monoclinic.  Crystals  rare  (castorite).  Usnally  massive,  foliated  cleayable 
(petalite). 

Cleavage :  c  perfect;  o  (201)  easy,  z  (505)  difficult  and  imperfect.  Fracture 
imperfectly  conchoidal.  Brittle.  H.  =  6-6-5.  G.  =  2 -39-2 -46.  Luster 
vitreous,  on  c  pearly.  Colorless,  white,  gray,  occasionally  reddish  or  greenish 
white.     Streak  uucolored.     Transparent  to  translucent. 

Comp— LiAl(Si.OJ.  or  Li,O.A1.0,.8SiO.  =  Silica  78-4,  alumina  167,lithia, 
4-9  =  100. 

Pyr.,  etc. — Gently  heated  emits  a  blue  pbosphorescent  light.  B.B.  on  charcoal  becomes 
glassy,  subtruDsparent,  and  white,  and  melts  only  on  the  edges;  gives  the  reaction  for 
litbia.    With  borax  it  forms  a  clear,  colorless  gliiss.    Kot  acted  on  by  acids. 

Obs. — Petalite  occurs  at  the  iron  mine  of  UtO,  Sweden,  with  lepidolite,  tourmaline, 
spodumene.  and  quartz;  on  Elba  {castorite).  In  the  U.  8.,  at  Bolton,  Mass.,  with  scapoUte; 
at  Peru.  Maine,  with  spodumene  in  albite.  The  name  petalite  is  from  neraXov,  a  leaf, 
alluding  to  the  cleavage. 

Blilarito.  HECa,Al,(S!iO0«.  In  hexagonal  prisms.  H.  =  5*5-6.  G.  =  2  55>2'59. 
Colorless  to  pale  green,  glassy.    From  Yal  Giuf,  Orisons,  Switzerland. 

Xhididymite.  HNaBeSitOi.  In  white,  glassy,  twinned  crystals,  tabular  in  habit. 
H.  =  6.  G.  =  2'558.  Occurs  very  sparingly  in  elaeolite-syenite  on  the  island  Ovre-ArO, 
in  the  Langesundfiord,  Norway. 

Epididymite.  Same  composition  as  eudidymite.  Orthorhombic.    Southern  Greenland. 


Feldspar  Group. 
a,  Manodlinic  Section. 


OrthodaM                      EAlSi.O,                    06585  : 1 :  0*5554 
c.  ^    ^  .u    ,            1  (K,Na)AlSi,0. 

Hyalophanr                    (K„Ba)Al,Si.O„        06584 : 1 :  0'5512 

116°    3' 
115°  35' 

fi.  THcUnie  Section. 

Microdine                      KAlSi.O. 

Soda-microcline          (K,Na)AlSi,0, 
Anorthodaae                   (Na,K)AlSi,0, 

Alblte-anorthite  Series.    Plagiodate  Feldtpars. 

Albite              NaAlSi.O,            06335  :  1 :  0-5577    94°     3'   116° 

29' 

88°^  9' 

OligoclaM    "1                                0-6321 :  1 :  0-5524    93°     4'   116° 

Andesine      )■  (SaSo')     ^'^^^"^ '  ^  '  ^'^^^^   ^^°  ^^'   ^^^° 
LabradoriteJ                                0-6377:1:0-5547    93°    31'   116° 

23' 

90°   5' 

29' 

89°  89' 

3' 

89°54i' 

Anorthite        CaAl,Si,0.           0-6347:1:0-5501    93°    13'   115° 

55' 

91°  12' 

Celsian            BaAl,Si,0,                                        90i° 
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The  general  characters  of  the  species  belonging  in  the  Feldspar  Group 
are  as  follows : 

1,  CryataUizaiion  in  the  monoclinic  or  triclinic  systems,  the  crystals  of  the 
different  species  resembling  each  other  closely  in  anfi^le,  in  general  habit,  and 
in  methods  of  twinning.  The  prismatic  angle  in  all  cases  differs  bnt  a  few 
degrees  from  60°  and  120°. 

2,  Cleavage  in  two  similar  directions  parallel  to  the  base  c  (001)  and  clino- 
pinacoid  (or  brachypinacoid)  b  (010),  inclined  at  an  angle  of  90°  or  nearly  IH»  . 
6,  Hardfiess  between  6  and  6*5.  4,  Specific  Gravity  varying  between  2  5  and 
2 '9,  and  mostly  between  2*65  and  2*75.  5,  Color  white  or  pale  shades  oi 
yellow,  red  or  green,  less  commonly  dark.  6,  In  composition  silicates  of  alu- 
minium with  either  potassium,  sodium,  or  calcium,  and  rarely  barium,  while 
magnesium  and  iron  are  always  absent.  Furthermore,  besides  the  several 
distinct  species  there  are  many  intermediate  compounds  having  a  certain 
independence  of  character  and  yet  connected  with  each  other  by  insensible 
gradations;  all  the  members  of  the  series  showing  a  close  relationship  not  ouij 
in  composition  but  also  in  crystalline  form  and  optical  characters. 

The  species  of  the  Feldspar  Group  are  classified,  first  as  regards  form,  siul 
second  with  reference  to  composition.  The  vwnoclinic  species  include  ^see 
above):  Orthoclase,  potassium  feldspar,  and  Soda-orthoclase,  potassium- 
sodium  feldspar;  also  Htalophane,  barium  feldspar. 

The  triclinic  species  include:  Microcline  and  Anorthoclase,  potassium- 
sodium  feldspars;  Albitb,  sodium  feldspar;  Anorthite,  calcium  feldspar; 
Celsian,  barium  feldspar. 

Also  intermediate  between  albite  and  anorthite  the  isomorphous  sub-speeies, 
sodium-calcium  or  calcium-sodium  feldspars:  Oligoclase,  Andesike,  Labra- 

DORITE. 

a.  Monoclinic  Section. 


ORTHOOLA8B. 

Monoclinic.     Axes  ait:  6  =  0-6585  :  1  :  0-5554;  fi  =  63°  57'. 
722  723.  724.  726. 
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mm'MlOAliO  =  6ri3'. 
<        130  A  130  =  58'*  48'. 
«c,        001  A  101  =  50*  16f . 
ey,       001  A  201  =  80''  18'. 


ort,    001  A  021  =  44'  56i'. 
nn\  021  A  021  =  89"  58*. 
em,  001  A  110  =  67*  4r. 
«?,    001  A  ill  =  55*  14^'. 


Twins:  tw.  pi.  (1)  a  (100),  or  tw.  axis  (J,  the  common  Carlsbad  twins, 
either  of  irregular  penetration  (Pig.  727)  or  contact  type;  the  latter  usually 
with  b  as  composition-face,  often  then  (Fig.  728)  with  c  and  x  nearly  in  a 


8ILIGATB8. 
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726. 


plane,  bnt  to  be  distinguished  by  luster,  cleaTage,  etc.  (2)  n  (021),  the  Baveno 
twins  forming  nearly  square  prisms  (Fig.  729),  since  en  =  44  56i'>  and  hence 
cc  =  89°  53';  often  repeated  as  fourlings .  (Fig.  417,  p.  129),  also  in  square 
prisms,  elongated  |  d.  (3)  c  (001),  the  Manedach  twins  (Fig.  730),  usually 
contact-twins  with  c  as  comp.-face.     Also  other  rarer  laws. 

Crystals  often  prismatic  ||  i;  sometimes  orthorhombic  in  aspect  (Figs.  723, 
725)  since  c  and  x  are  inclined  at  nearly  equal  angles  to  i;  also  elongated  ||  d 
(Fig.  726)  with  b  and  c  nearly  equally  developed;  also  thin  tabular  ||  d:  rarely 
tabular  |  a,  a  face  not  often  observed.  Often  massive, 
coarsely  cleavable  to  granular;  sometimes  lamellar.  Also 
compact  crypto-crystalline,  and  flint-like  or  jasper-like. 

Cleavage:  c  perfect;  b  somewhat  less  so;  prismatic  m 
imperfect,  but  usually  more  distinct  parallel  to  one  pris* 
matic  face  than  to  the  other.  Parting  sometimes  distinct 
parallel  to  a  (100),  also  to  a  hemi-orthodome,  inclined  a 
few  degrees  to  the  orthopinacoid ;  this  may  produce  a  satin- 
like luster  or  schiller  (p.  190),  the  latter  also  often  present 
when  the  parting  is  not  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  6.  6.  =  2*57.  Luster  vitreous; 
on  c  often  pearly.  Colorless,  white,  pale  yellow  and  flesh- 
red  common,  gray;  rarely  green.     Streak  uncolored. 


727. 


728. 


729. 


730. 


w 


Optically  negative  (BXa  =  a)  in  all  cases  (Fig.  731).    Ax.  pi.  usually  J.  5, 
1731  sometimes   ||  b,  also  changing  from  the  former  to 

the  latter  on  increase  of  temperature  (see  p.  225). 
For  adularia  (Dx)  Bx^,  A^=  -  69°  11',  Bx^bi  A 
(5  =  —  69°  37'.  Hence  Bx^  and  the  extinction- 
direction  (Fig.  731)  inclined  a  few  degrees  only  to 
d,  or  the  edge  b/c;  thus  +  3°  to  +  7°  usually,  or 
up  to  +  10°  or  +  12°  in  varieties  rich  in  Na,0. 
Dispersion  p>  v;  also  horizontal,  strongly  marked, 
or  inclined,  according  to  position  of  ax.  pi.  Axial 
angles  variable.  Birefringence  low,  y  ^  a  =  0*007 
—  0005.     For  adularia  (Dx). 

ay  =  1  -5190.     ffy  =  1  -5237,     ^y  =  1  '5260, 
.  •.  2Vy  =  69"  43'.     2Ey  =  12r  6'. 

Comp.,  Tar. — A  silicate  of  aluminium  and  potassium,  KAlSi,0,  or 
K^O.Al  0,.6SiO,  =  Silica  64-7,  alumina  18*4,  potash  16-9  =  100.  Sodium  is 
often  also  present,  replacing  part  of  the  potassium,  and  sometimes  exceeds  it 
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in  amount;   these  varieties  are  embraced  under  the  name  soda-orthoclase 
(Natronorthoklas  Germ,). 

The  prominent  varieties  depend  upon  crystalline  habit  and  method  of  occurrence  more 
than  upon  dilTereuce  of  comp<^tion. 

1.  Adularia.  The  pure  or  nearly  pure  potassium  silicate.  Usually  in  crystals,  like 
Fig.  726  in  babit;  often  with  vicinal  planes;  Baveno  twins  common.  G.  =  2*565.  Trans- 
parent or  nearly  so.  Often  with  a  pearly  opalescent  reflection  or  schiller  or  a  delicate  plny 
of  colors;  some  moonstone  is  here  included,  but  the  remainder  belongs  to  nlbile  or  other  of 
the  tricliuic  feldspars.  The  original  adularia  (Adular;  is  from  the  St.  Qothard  regiou  in 
Switzerland.     ValendaniUt  from  the  silver  mine  of  Valencia,  Mexico,  is  adularia. 

2.  SanicUne  or  okusy  feUUpar.  Occurs  in  crystals,  often  transparent  and  glassy. 
embedded  in  rhyolite,  trachyte  (as  of  the  Siebengebirge).  phonolite,  etc.  Habit  often 
tabular  |  b  (hence  named  from  aavii^  a  tablet^  or  board);  also  m  square  prisms  (6,  e);  Carls- 
bad twins  common.  Most  varieties  contain  sodium  as  a  prominent  constituent,  and  hence 
belong  to  the  soda-orthoclase. 

Khyacolite.  Eiupath  Werner.  Occurs  in  glassy  crystals  at  Monte  Somma;  named  from 
pva^f  stream  (lava  stream). 

8.  Ordinary,  In  crystals,  Carlsbad  and  other  twins  conunon;  also  massive  or  cleavable, 
varying  in  color  from  white  to  pale  yellow,  red  or  green,  translucent;  sometimes  aventurine. 
Here  belongs  the  common  feldspar  of  granitoid  rocks  or  granite  veins.  Usually  contains  a 
greater  or  less  percentage  of  soda  (soda-ortboclase).  Compact  cryptocrystalline  orihociase 
makes  up  the  mass  of  much  felsite,  but  to  a  greater  or  less  degree  admixed  with  quanz:  of 
various  colors,  from  white  and  brown  to  deep  red.  Much  of  what  has  been  called  ortho- 
clase,  or  common  potash  feldspar,  has  proved  to  belong  to  the  related  tricliuic  species, 
microcline.  Cf.  p.  374  on  the  relations  of  the  two  species.  Chesterlite  and  Amazon  stone 
are  microcline;  also  most  aventurine  orthoclase.  Loroelase  contains  sodium  in  considembie 
amount  (7*6  Na^O).  From  Hammond,  St.  Lawrence  Co.,  N.  Y.  MurchisoniU  is  a  fle^jh 
red  feldspar  similar  to  pcjthite  (p.  373),  with  ^old-yellow  reflections  in  a  direction  ±  b  nn«l 
nearly  parallel  to  701  or  801  (p.  871).     From  Dawlish  and  Exeter,  England. 

The  spherulites  noted  in  some  volcanic  rocks,  as  in  the  rhyolite  of  Obsidian  Cliff  in  \W 
Yellowstone  Park,  are  believed  to  consist  essentially  of  orthoclase  needles  with  quanz 
These  are  shown  in  Figs.  732  and  733  (from  Iddings;  much  magnified)  as  they  appear  \\\ 
ix)larized  light  (crossed  n  tools). 


732. 


733. 
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Pyr.,  etc.— B.B.  fu  es  at  5:  varieties  containing  much  soda  are  more  fusible.  Loxoclase 
fuses  at  4.     Not  acted  upon  by  acids. 

Diff— Characterized  by  its  crystalline  form  and  the  two  cleavages  at  right  angles  to  eju  h 
other;  harder  than  barite  and  calcite:  not  attacked  by  acids;  difficultly  fusible.  Massive 
corundum  is  much  harder  and  has  a  higher  specific  gravity. 

Distinguished  in  rock  sections  by  its  low  refraction  (low  relief)  and  low  interferercr 
colors,  wl)icli  last  scarcely  rise  to  white  of  the  first  order — hence  lower  than  those  (if  quart?, 
also  by  its  biaxial  chamcter  in  convergent  light  and  by  the  distinct  cleavages.  It  is  color- 
less in  ordinary  light  and  maybe  limpid,  but  is  frequently  turbid  and  brownlsb  from  t  !► 
presence  of  very  minute  scales  of  kaolin  due  to  alteration  from  weathering;  this  chaDge  is 
especially  common  in  the  older  granular  rocks,  as  granite  and  gneiss. 


SILICATES. 


3:a 


Obs. — Orthoclase  in  its  several  varieties  belongs  especially  to  the  crystalline  rocks, 
curring  as  an  essential  constituent  of  gmnite,  gneiss,  svenite,  also  porphyry,  further  (var., 
nidine)  trachyte,  phonolite,  etc.  In  the  massive  granitoid  rocks  it  is  seldom  in  distinct, 
;ll-formed,  separable  crystals,  except  in  veins  and  cavities;  such  crystals  are  more  com- 
>n,  however,  in  volcanic  rocks  like  trachyte. 

Adulai-ia  occura  in  the  crvstallinu  rocks  of  the  central  and  eastern  Alps,  assccinted  i^ith 
loky  quartz  and  albiie.  also  titaiiite,  apatite,  etc.;  the  crystals  are  often  coated  with 
lorite:  also  on  Elba.  Fine  cr^'^stals  of  orthoclase,  often  twins,  are  obtained  from  Baveiio. 
go  Maggiore;  the  Fleimsthal,  a  red  variety;  Yaltloriana;  Bodenmais,  Carlsbad  and 
bogeu  in  Bohemia;  Slriegau,  etc.,  in  Silesia.  Also  Arendal  in  Norway,  and  nejir 
uiiansk  in  the  Ural;  Land's  End  and  St.  Agnes  in  Cornwall;  the  Mourne  Mts.,  Ireland, 
th  beryl  and  topaz.  From  Tamagama  Yama,  Japan,  with  topaz  and  smoky  qumiz. 
wnsione  is  brought  from  Ceylon. 

In  the  U.  States,  orthoclase  is  common  in  the  crystalline  rocks  of  New  England,  also  of 
ites  south,  further  Colorado,  California,  etc.     Thus  at  the  Paris  tourmaline  locality.     In 

Uamp.,  at  Acworth.  In  Mas$,,  at  South  lioyalston  and  Barre.  In  Co/  n.,  v.i  Ijadd:.m 
d  Middletown.  in  large  coarse  crystals.  In  iVT  Torkf  in  St.  Lawrence  Co.,  at  Kossie;  at 
immond  {loxoekue);  in  Lewis  Co.,  in  white  limestone  near  Natural  Bridire;  at  Amiiy  ai.(^ 
leuville.  In  Penn,,  in  crystals  at  Leiperville,  Mineral  Hill,  Dela^^are  Co.;  suns^lone  in 
jnnett  Township.  In  2i.  Car.,  at  Washington  Aline,  Davidson  Co.  In  Colorado,  at  the 
mniit  of  Mt.  Antero,  Chaffee  Co.,  in  fine  crystals,  olten  twins;  at  Gunnison;  Black  Hawk; 
)koma.  Summit  Co.,  also  at  other  points.     A  so  piniilarly  in  Nevada  and  Califoiuia. 

Orthoclase  is  frequently  altered,  especially  through  the  action  of  carbonated  or  alkaline 
iters;  the  final  result  is  often  the  removal  of  the  potash  and  the  formation  of  k:  oiin. 
^atite,  talc,  chlorite,  leucite,  mica,  laumontite,  occur  as  pseudomorphs  after  orthocl:  se: 
d  cassiterite  and  calcite  often  replace  these  feldspars  by  some  process  of  solution  an(l 
bsiitution. 

Perthitb.  As  first  described,  a  flesh-red  aventurine  feldspar  from  Perth,  Ontario, 
mada,  called  a  soda-orthociase,  but  shown  by  Gerhard  to  consist  of  intei laminated  ortho- 
ise  and  albite.  Many  similar  occurrences  have  since  been  noted,  as  aUo  thohe  in  which 
icrocline  and  albite  are  similarly  interlaminated,  the  latter  called  microcline  pert?tiie,  or 
icrocline-albite-perthite;'  this  is  true  in  part  of  tl»e  original  ]ierthite.  When  the  structure 
discernible  only  with  the  help  of  the  microscope  it  is  railed  micrcpertltite.  BrOj  ger  1  aa 
vestigated  not  only  the  microperthites  of  Norway  (Orlhoklasmikroperthit,  Mikioklin- 
ikroperthlt),  but  also  other  feldspars  characterized  by  a  marked  schiller;  he  a.'-sumes  the 
istence  of  an  extremely  fine  interlamination  of  albite  and  orthoclase  I  801.  not  discernible 
Ithe  microscope  (cryptoperthite),  and  connected  with  secondary  planes  of  parting  |  lOU  or 
^01.  which  is  probably  to  be  explained  as  due  to  incipient  alteration. 

Hyalophane.  (K„Ba)Al,(SiO,)4  or  KaO.Ba0.2AlaO,  8SiOa.  Silica  51-6,  alumina  21*9, 
rytJi  16-4.  potash  10-1  =  100.  In  crystals,  like  adularia  in  habit  (Fig.  725,  p.  870);  al«> 
asive.  Cleavage:  c  perfect;  &  somewhat  less  so.  H.  =  6-6*5.  G.  =  2  805.  Occurs  in 
1,'nunilar  tloloniite  in  theBinnenthal,  Switzerland;  also  at  the  manganese  mine  of  Jakobs- 
rg.  Sweden.  Some  other  feldspars  containing  7  to  15  p.  c.  BaO  have  been  described  (cf. 
3o  celsian,  p.  881). 

fi.  Triclinic  Section. 


about 
to  the 


Triclinic.  Near  orthoclase  in  angles  and  habit,  but  the  angle  he  = 
)°  30'.  Twins:  like  orthoclase,  also  polysynthetic  twinning  according 
bite  and  pericline  laws  (p.  375),  common,  734. 

reducing  two  series  of  fine  lamellae  nearly 
,  right  angles  to  each  other,  hence  the 
laracteristic  grating-structure  of  a  basal 
iction  in  polarized  light  (Fig.  734).  Also 
lassive  cleavable  to  granular  compact. 

Cleavage:  g  perfect;  h  somewhat  less  so; 
r  (110)  sometimes  distinct;  m  (110)  also 
)TTietime8  distinct,  but  less  easy.  Fracture 
neven.  Brittle.  H.  =  6-6-5.  G.  =  2-54-2-57. 

lister    vitreous,    on    c    sometimes    pearly. 

olor  white  to  pale  cream-yellow,  also  red,  green.    Transparent  to  translucent. 
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Optically  — .     Ax,  pi.   nearly  perpendicular  (82 ^'-SS®)   to  b.      Bx©  inclined 
15^  26'  to  a  normal  to  b.     Dispersion  p  <  v  about  BXq.    Extinction-angle  on 
*c,  +  15°  30';  on  b,  +  5°  to  6°  (Fig.  739,  p.  376).     2H^r  =  88°  to  89°,  Dx. 

The  esseutial  identity  of  ortboclase  and  microcline  has  been  ureed  by  Mallard  nvA 
Michel  Levy  ou  the  ground  that  the  properties  of  the  former  would  b^oug  to  an  aggregiitf 
of  submicroscopic  twinning  lamellaB  of  the  latter,  according  to  the  albite  and  pericliue  }aw». 

Comp.,  Tar.— Like  ortboclase,  KAlSi.O,  or  K30.Al,0,.6SiO,  =  Silica  64  T. 
alumina  18*4,  potash  16*9  =  100.  Sodium  is  usitally  present  in  small  amount: 
sometimes  prominent,  as  in  soda-microcline. 

P3rr.— As  for  orthocla^ie. 

Di£f. — Resembles  ortboclase  but  distinguished  by  optical  characters  {e.g.,  the  gnitiug 
structure  in  polarized  light.  Fig.  734);  also  of  ten  shows  floe  twinning-striations  on  a  btisal 
surfar.-e  albite  law). 

Oba. —  Occurs  uuder  the  same  conditions  as  much  common  ortboclase.  The  beautiful 
amazonstone  from  tbe  Ural,  also  that  occurring  in  fine  groups  of  larce  crystals  of  deep  co^nr 
in  the  granite  of  Pike's  Peak,  Colorado,  is  mferocline.  Che$ierlite  from  Poorhoase  quarry. 
Chester  Co. ,  Penii.,  and  the  aventurine  feldspar  of  Mineral  Hill,  Penn.,  belong  here.  A  pure 
variety  occurs  at  Magnet  Cove,  Arkansas.     Ordinary  microline  is  common  at  many  poiub 

Anorthoclase.  A  tricliuic  feldspar  with  a  cleavage-angle,  he,  varying  but  little  fri>m 
90''.  Form  like  that  of  the  ordinary  feldspars.  Twinning  as  with  orthoclase;  also  polj* 
synthetic  according  to  tbe  albite  and  pericline  laws;  but  in  many  cases  the  twinoiufr 
luminse  very  narrow  and  hence  not  distinct.  Rhombic  section  (see  p.  375)  inclined  on  b.  4^ 
to  6"  to  edi^e  h/c,  G.  =  2-67-2-60.  Cleavage,  hardness,  luster,  and  color  as  with  other 
members  of  the  group.  Optically  — .  Extinction-anele  on  c,  -\-  5"  45'  to  -f-  2**;  on  &.  G''  m 
©••8.  Bx«  nearly  ±  y.  Dispersion  /o  >  «:  horizontal  distinct.  Axial  angle  variable  wiih 
temperature,  becoming  in  part  monoclinic  in  optical  symmetry  between  86**  and  264*"  C  . 
but  again  triclinic  on  cooling;  this  is  true  of  those  containing  little  calcium. 

Chiefly  a  soda-potnsh  feldspar,  NuAlRisOs  nnd  KAlSiaOe.  the  sodium  silicate  usually 
in  larger  proportion  (2  : 1,  3  :  1,  etc.).  as  if  consisting  of  albite  and  orthoclase  molecule?. 
Calcium  (CaAl,SiiOt)  is  also  present  in  relntively  very  small  amount. 

These  triclinic  soda-potash  feldspars  are  chiefly  known  from  the  andesitic  lavas  of 
Pautelleria.  Most  of  these  feldspars  come  from  a  rock,  called  pantellerite.  Also  promineo' 
from  the  augite-syenite  of  southern  Norway  and  from  the  **Rhomb€n-porphvr**  near 
Christiania.  Here  is  referred  also  a  feldspar  in  crystals,  tabular  |  e,  and  twinned  according 
to  the  Manebach  and  less  often  Baveno  laws  occurring  in  the  litbophyses  of  the  rhyolyte  c>f 
Obsidian  Cliflf,  Yellowstone  Park.  It  shows  the  blue  opalescence  in  a  direction  paral.t; 
with  a  steep  orthodome  (cf.  p.  871). 

Alblte-Anorthite  Series.    PlagiodaM  Feld$par8* 
Between  the  isomorpbous  species 

Albite  NaAlSi.O,  Ab 

Ak©ethite  CaAl,Si,0,  An 

there  are  a  number  of  intermediate  subspecies,  regarded,  as  urged  by  Tsclier- 
mak,  as  isomorpbous  mixtures  of  these  molecules,  and  defined  according  to  the 
ratio  in  which  they  enter;  their  composition  is  expressed  in  general  by  the 
formula  AbnAn^.     They  are: 

Oligoclase  Ab,An,  to  Ab.An, 

Akdesike  Ab,An,  to  Ab.An, 

Labradorite  Ab,An,  to  Ab,An« 

and  Bytownite  Ab^Aua  to  Ab,An, 

From  albite  through  the  successive  intermediate  compounds  to  anorthite 
with  the  progressive  change  in  composition  (and  specific  gravity),  there  is  also 

*  The  triclinic  feldspars  of  this  series,  in  which  the  two  cleavasjes  b  and  e  are  oblique  :.• 
each  other,  are  often  called  in  geneml  plaffwclase  (from  nXdyioS,  oblique). 
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a  corresponding  change  in  crystallographic  form^  and  in  certain  fandamental 
optical  properties. 

Crystalline  form.  The  axial  ratios  and  angles  ^yen  on  p.  369  show  that 
these  tricliuic  feldspars  approach  orthoclase  closely  in  form,  the  most  obyious 
difference  bein^  in  the  cleav- 
iii,^e-angle  he,  which  is  90°  in 
orthoclase,  86°  24'  in  albite, 
and  85°  50'  in  auorthite. 
There  is  also  a  change  in 
the  axial  angle  y,  which  is 
SS^  in  albite,  about  90°  in 
oligoclase  and  andesine,  and 
lU^  in  anorthite.  This 
transition  appears  still  more 
strikingly  in  the  position  of 
the  "rhombic  section,"  by 
which  the  twins  according 
to  the  pericline  law  are 
united  as  explained  below. 

Tichining.     The  plagio-      -.y-  ^^^^^ ,  ^^^  736  seciioQ  in  polarized  h^ght 
ci:ise    leiCiSpars     are     01  ten 

twinned  in  accordance  with  the  Carlsbad,  Baveno,  and  Manebach  laws 
common  with  orthoclase  (pp.  370,  371).  Twinning  is  also  almost  universal 
according  to  the  albite  law — twinning  plane  the  brachypinacoid ;  this  is  usu- 
ally poly  synthetic,  i.e.  repeated  in  the  form  of  thin  lamellse,  giving  rise  to  fine 
striations  on  the  basal  cleavage  surface  (Figs.  735,  736).  Twinning  is  also 
common  according  to  the  pericline  law — twinning  axis  the  macrodiagonal 
axis  2;  when  polysynthetic  this  gives  another  series  of  fine  striations  seen  on 
tlie  brachypinacoid. 

The  composition-plane  in  this  pericline  twinning  Is  a  plane  passing  through  the  crystal  in 
such  a  direction  that  its  intersections  witli  the  prismntic  faces  and  the  brachvpiuacoid  make 
^ual  plane  angles  with  each  other.  The  position  of  this  rhombic  section  and  the  consequent 
direction  of  the  striiitious  on  the  brachypinacoid  change  rapidly  with  a  small  variation  in 
the  nngle  y.  In  general  it  may  be  said  to  be  approximately  parallel  to  the  base,  but  in 
albite  it  is  inclined  backward  (-}-,  Figs.  737  and  789*)  and  in  anorthite  to  the  front  (— .  Fig. 
738);  for  the  intermediate  species  its  position  varies  progressively  with  the  composition. 
Thus  for  the  angle  between  the  trace  of  this  plane  on  the  brachypinacoid  and  the  edge  b/e, 
we  have  for  Albite  -f  22**  to  -f  SO**;  for  Oligoclase  -f  9**  to  -f  8^;  for  Andesine  +  l**  to  - 
2^  for  Labradorite  -  9'  to  —  10';  for  Anorthite  —  15"  to  -  17^ 

737.  738.  73D. 


Plagioclase  with  twinning  Inmelle?,  Fig.  785  section  le 
(001)  8liowin_g  vibration-directions  (cf.  Fig.  789).  ordi- 


Fig.  787,  Rhombic  section  in  albite.     738,  Same  in  anorthite.     739,  Typical  form  showing 
-f-  and  —  extinction-directions  on  c  (001)  and  b  (010). 

*  The  faces  of  this  fundamental  form  are  often  lettered  as  follows :   e  (001)  =  P,  b  (010^ 
=  M,  m  (110)  =  I,  if  (110)  =  T,  V  V      ; 
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If  the  composition-plane  is  at  right  angles  to  the  twinning  axis  in  the  pericline  twioniug. 
the  polysyutbetic  lamellse  then  show  prominently  in  a  basal  secUon,  together  with  those  due 
to  the  albite  twinning.    Hence  the  grating  structure  characteristic  of  microcline. 

Optical  Characters,  There  is  also  a  progressive  change  in  the  position  of 
the  ether-axes  and  the  optic  axial  plane  in  passing  from  albite  to  anorthite. 

This  is  most  simply  exhibited  by  the  position 
of  the  planes  of  light-vibration,  as  observed  m 
sections  parallel  to  the  two  cleavages,  basal  c 
and  clinopinacoidal  b,  in  other  words  the  ei- 
tinction-aligle  formed  on  each  face  with  the 
edge  b/c  (cf.  Fig.  739). 

The  approximate  position  of  the  ether-axes 
for  the  different  feldspars  is  shown  in  Fig.  740 
(Schuster).  The  axis  c  does  not  vary  very 
mnch  from  the  zone  be,  but  the  axis  Q  varies 
widely,  and  hence  the  axial  plane  has  an  en- 
tirely different  position  in  albite  from  what 
it  has  in  anorthite.  Furthermore  albite 
is  optically  positive,  that  is  c  =  Bx,  while 
anorthite  is  negative  or  a  =  Bx;  for  certain 
andesines  the  axial  angle  is  sensibly  90^ 

The  following  table  gives  the  percentage  composition  of  the  various  molec- 
ular compounds  of  albite  and  anorthite,  with  the  calculated  specific  gravity 
(Tschermak),  and  also  certain  of  the  optical  characters  connected  with  them. 
These  latter  values  were  calculated  by  Schuster  from  an  equation  deduced  by 
Mallard,  in  which  certain  observed  values  were  assumed  as  fundamental  :* 


Ratio  of  Albite 
to  Anorthite 

AbnAnm 

Percentage  Composition               ^^ll^^^V^/f  ' 

n  :  m 

G. 

SiO. 

Al.O. 

CaO 

NasO             on  6              ou  ^ 

Albite 

1  :0 

2-624 

68-7 

19-5 

0 

11-8         -f    4*30'        -fl9^ 

Oligoclase- 
albite 

12:1 
6:1 

2-635 
2-645 

66-6 
64-9 

20-9 
221 

1-6 
80 

10-9)       +    8'38'       -hlo':.V 
100 J  to  +    2"  46'  to  -^l\-r,ii' 

Oligoclase 

4:1 
2:1 

2-652 
2-671 

68-8 
59-9 

28-1 
25-4 

4-2 

7-0 

9-4)      -f    r  55'       -f    8m: 
7-7  [to  -    0^*85'  to  -    2'  15' 

Andesine 

8:2 
1  :1 

2-680 
2-694 

58-1 
65-6 

26-6 
28-8 

8-4 
10-4 

6-9)       -    2M2'        -    rr> 
5-7  f  to-    5' 10'  to-  16' 

Labradorite 

8:4 
1  :8 

2-708 
2-728 

58-7 
49-8 

29-6 
32-6 

118 
15-3 

4-9)       -    7»63'        -SO^-Vr 
2  8  ^  to  -  17*  40'  to  -  29'  28 

Bytownite 

1  :4 
1  :8 

2-785 
2-747 

48-0 
45-9 

83-4 
84-9 

16-8 

18-0 

2-3  )       -  2V    5'        -  81*  11«' 
l-2Jto- 28"    4'  to- 88*40' 

Anorthite 

0:1 

2-758 

48-2 

367 

201 

0         -  37*             -  36" 

DiflF. — In  rock  sections  the  plagioclase  feldspars  are  distinguished  by  their  lack  of  color. 
low  refractive  relief,  and  low  interference-colors,  which  in  good  sections  are  mainly  <lnrk 
gray  and  scarcely  rise  into  white  of  the  first  order;  also  by  their  biaxial  character  in  con- 
verging light.  In  the  majority  of  cases  they  are  easily  told  b^  the  parallel  bands  or  ti\f 
lamellae  which  pass  through  them  due  to  the  multiple  twinniug  according  to  the  albite 
law;  one  set  of  bands  or  twin  lamellae  exhibits  in  general  a  dilTerent  interference-col'^r 
from  the  other  (cf.  Figs.  735,  786).     They  are  thus  distiuguished  not  only  from  quartz  aD«l 


*See  Tschermak,  Ber.  Ak.  Wien.  50  (1).  566. 1866;  Schuster,  Min.  Mitth..  3,  117,  18S1. 
B.  189,  1882;  Mallard.  Bull.  Soc.  Min.,  4,  96,  1881.  Also  Michel-Levy  and  other  auihor=i 
referred  to  on  p.  212;  further,  Q.  F.  Becker.  Am.  J.  8c. ,  6.  p.  349,  May  1898. 
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orthoclase,  with  which  they  are  often  associnted^  but  from  all  the  common  rock-mnking 
miaerals.  To  distinguish  the  different  species  and  sub-species  from  one  another,  as  albite 
from  labradorite  or  andesiue,  is  more  difficult.  In  sections  having  a  definite  orientntiou 
(j  c  (001)  and  |  b  (010))  this  can  generally  be  done  by  determining  the  extinction  aogles  (of. 
p.  375  and  Fig.  789^.  In  general  in  rock  sections  special  methods  are  required;  these  are 
discussed  by  the  authors  referred  to  in  the  note  on  p.  876. 

Triclinic.     Axes  &:h:6=:  0-6336  :  1  :  0-5577;   a  =  94°  3',  /3  =  116°  29'^ 
y  =  88°  9'. 


be,  010  A  001  =  86'*  24'. 
mM,  110  A  110  =  SO'*  14'. 
bm,  110  A  010  =  60'2«'. 
cm,  001  A  110  =  65'  17'. 
eM,  001  A  110  =  69'  10'. 
car,     001  A  101  =  52'  16'. 

Twins    as    with   orthoclase; 


741. 


742. 


743. 


6Xi^ 


■< 


»m 


T' 


^s^Zy 


also  very  common,  the  tw.  pi.    ^    m/"'  ^^ 

h,  albite  law  (p.  375),  usually  /  7 

contact-twins,     and     polysyn-  ^A/- — L     / 

thetic,   consisting  of  thin   la-  ^^V.^/ 

mellas  and  with  consequent  fine 

striations  on  c;  tw.  axis  h,  pericUne  law,  contact-twins  whose  composition-face 

is  the  rhombic  section  (Figs.  737  and  745);  often  polysyn  thetic  and  showing 

fine  striations  which  on  b  are  inclined  backward  +  22    to  the  edge  b/c. 

Crystals  often  tabular  ||  b;  also  elongated  ||  axis  i,  as  in  the  variety  peri- 
cline.  Also  massive,  either  lamellar  or  granular;  the  laminas  often  curved,, 
sometimes  divergent;  granular  varieties  occasionally  quite  fine  to  impalpnble* 
Cleavage:  c  perfect;  b  somewhat  less  so;  m  imperfect.  Fracture  uneven 
to  conchoidal.  Brittle.  H.  =  6-6-5.  G.  =  2-62-2-65.  Luster  vitreous;  on 
a  cleavage  surface  often  pearly.  Color  white;  also  occasionally  bluish,  gray,, 
reddish,  greenish,  and  green;  sometimes  having  a  bluish  opalescence  or  play 
of  colors  on  c.     Streak  uncolored.     Transparent  to  subtranslucent. 

Plane  (S)  JL  to  Bx^,  inclined  100°  to  102°  to  c  on  acute  edge  b/c. 
745.  Extinction-angle   with  edg(> 

^  b/c=  +  4°  30^ to  2°  on  c,  and 

=  +  20°  to  15°  on  b  (Fig. 
737).  Dispersion  for  Bx^ 
p  <  v;  also  inclined,*  hori- 
zontal; for  Bxo,  p  >  v;  in- 
clined, crossed,  Dx.  2Ha.r  = 
Pericline.  80°   to   84°    Dx.      Birefrin- 

gence weak,  y  ^  {Y  =  0*008. 

Comp. — A  silicate  of  aluminium  and  sodium,  NaAlSi.O,  or  Na,O.Al,0,. 
GSiO,  =  Silica  68*7,  alumina  19  5,  soda  118  =  100.  Calcium  is  usually  pres- 
ent in  small  amount,  as  anorthite  (CaAl^Si,OJ,  and  as  this  increases  it  gradu- 
ates through  oligoclase-albite  to  oligoclase  (cf.  p.  376).  Potassium  may  also 
be  present,  and  it  is  then  connected  with  anorthoclase  and  microcline. 

Var. — Ordinary.  In  crystals  and  massive.  The  crystals  often  iJibular  |  b.  The  massive 
fonn.s  are  usually  nearly  pure  while,  and  often  show  wavy  or  curved  laminae.  Peiisierite 
is  a  whiUsh  adularia-like  albite,  slightly  iridescent,  named  from  Trefjiorefja,  pigeon,  Aven^ 
tNrine  and  moonstone  varieties  also  occur.     Pcricliue  from  the  cliloritic  schistij  of  the  Alps. 


Optically +. 
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is  in  rather  large  oi>aque  white  crystals,  with  characteristic  elongation  in  the  direction  of 
the  b  axis,  as  shown  in  Figs.  744  and  745,  and  commonly  iwiuned  with  this  as  the  twinuiDg 
axis  (periciine  law). 

Pyr..  etc.— B.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to 
tlie  flame.    Not  acted  upon  by  acids. 

Si£f.— Resembles  barite  in  some  forms,  but  is  harder  and  of  lower  specific  gravity;  does 
not  effervesce  with  iicid  (like  calcite).  Distinguished  optically  and  by  the  coinniou  twin 
niug  striiuious  on  e  from  orthoclase;  from  tlie  other  triclinic  feldspars  partially  by  specific 
gravity  and  better  by  optical  means  (see  p.  376). 

Obs.— Albite  is  a  constituent  of  many  igneous  roclLS.  especially  those  of  alkaline  tyi>e. 
as  jfrnnite,  elseolite-syenite,  diorite,  etc.;  also  in  the  corresponding  feldspaihic  lavas  lo 
perl/ate  (p.  378)  it  is  interlaminated  with  orthoclase  or  microcliue,  and  similar  aggrega 
tions,  often  on  a  microscopic  scale,  are  common  in  many  rocks.  Albite  is  common  n.so 
in  gneiss,  and  sometimes  in  the  crystalline  schists.  Veins  of  albitic  granite  are  often 
repositories  of  the  rarer  roiuemls  and  of  fine  crystallizations  of  gems,  including  beryl, 
tourmaline,  allauite,  columbite,  etc.  It  is  found  in  disseminated  crystals  in  grauul&r 
limestone. 

Some  of  the  most  prominent  European  localities  arc  in  cavities  nnd  veins  in  the  grauite 
or  granitoid  rocks  of  the  Swiss  and  Austrian  Alps,  associated  with  ndularia,  smoky  quartz, 
chlorite,  titanite.  apatite,  and  many  rarer  species;  it  is  often  implanted  in  parallel  position 
up<jD  the  orthoclase.  Thus  in  the  St.  Gothnrd  region;  Roc  Tourne  near  Modane.  Savoy: 
onMt.  Skopi  {perielins):  Tavetschthal ;  Schmim,  Tyrol;  alsoPfiu^ch,  Rauris.  the Zillertbal, 
Kriml,  Scbneeberg  in  Passeir  in  simple  crystals.  Also  in  Daupliine  in  similar  association : 
Elba.  Also  Hirschbere  in  Silesia;  Penig  in  Saxony:  with  topaz  at  Mursinka  in  the  Utul 
and  near  Miask  in  the  Ilmen  Mts.;  Cornwall,  England;  Mourne  Mts.  in  Ireland. 

In  the  United  States,  iu  Maine,  at  Paris,  with  red  and  blue  tourmalines.  In  Ma$t .  at 
Chi'Sterfield.  in  lamellar  ma&ses  {deavelandite),  slightly  bluish,  also  fine  granular.  In  yor 
JIamp.,  at  Acworth  and  Alstead.  In  Conn.,  at  Hnddam;  at  the  Middletown  feldspar 
quarry;  at  Branchville,  in  fine  crystals  and  massive.  In  N.  York,  at  Horiali.  Essex  Co..  of 
a  greenish  color.  In  Ptsnn.,  at  IJniimville.  Chester  Co.  In  Virginia,  ni  the  mica  mines 
near  Amelia  CourtHouse  in  splendid  crystallizations.  In  Colorado,  in  the  Pike's  Peak 
region  with  jimoky  quartz  and  amazon -stone. 

The  name  aCbiU  is  derived  from  oUmB,  white,  in  allusion  to  its  common  color. 

...QligQclase. 

Triclinic.  Axes,  see  p.  369  hc^  010  A  001  =  86°  32'  Twins  observed 
uccoiding  to  the  Carlsbad,  albite,  and  pericline  laws.  Crystals  not  comnioTi. 
Usually  massive,  cleavable  to  compact. 

Cleavage:  c  perfect;  b  somewhat  less  so.  Fracture  conchoidal  to  uneven 
Brittle.  II.  =  6-6-5.  6.  =  2 •65-2-67.  Luster  vitreous  to  somewhat  pearly  or 
waxy.  Color  usually  whitish,  with  a  faint  tinge  of  grayish  green,  grayish 
white,  reddish  white,  greenish,  reddish;  sometimes  aventurine.  Transparent, 
subtranslucent.     Optical  characters,  see  p.  376. 

Gomp.,  Tar. — Intermediate  between  albite  and  anorthite  and  corresponding 
to  Ab.An,  to  Ab,An„  but  chiefly  to  Ab.An,,  p.  376. 

Var.— 1.  Ordinirp.  In  crystals  or  more  commonly  massive,  cleavable.  The  varieties 
contnining  soda  up  to  10  p.  c.  are  called  oligoelaae-altite.  2.  Aventurine  oligoclaae,  or#H?J 
et^jne,  is  or  a  graviah-white  to  reddish-f^ray  color,  usually  the  latter,  wllh  internal  yellowish 
or  reddish  flre-like  reflections  proceeding  from  disseminated  crystals  of  probably  either 
hematite  or  g5thite. 

Pyr. ,  etc.— B  B.  fuses  at  8  5  to  a  clear  or  enamel-like  glass.  Not  materially  acted  upon 
by  acids. 

Diflf.— See  orthoclase  (p.  872)  and  albite  (p.  877);  also  pp.  370.  876. 

Obs.— Occurs  in  porphyry,  granite,  syenite,  and  nlso  in  different  effusive  rocks,  .v 
andesite.  It  is  sometimes  associated  with  orthoclase  in  granite,  or  other  gnmite-like  rock. 
Among  iis  localities  are  Danviks-Zoll  near  Stockholm;  Pargas  in  Finland;  Shaitansk. 
Ural;  in  syenite  of  the  Vospes;  at  Albula  in  the  Orisons;  Marienbad.  Bohemia;  Olmlancln'- 
in  Allemont,  and  Bourg  d'Oisans,  Dauphine;  as  aumtone  at  Tvedestrand,  Norwav;  Ji*. 
HitterO;  Lake  Baikal. 
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In  the  United  States,  at  Fine  atid  Macomb,  Si.  Lawrence  Co.,  N.  Y.,  in  good  crystals; 
at  Danbury,  Gt.,  with  orthoclase  and  daubiirite;  Uadtlam,  Ct. ;  at  the  emery  mine,  Ches- 
ter, Mass.,  granular;  at  Unionville,  Pa.,  with  euphyllite  and  corundum;  Mineral  Hill, 
Delaware  Co.;  at  Bakersville,  N.  C,  in  clear  ^glassy  masses,  showing  cleavage  but  na 
twinning.    Named  in  1826  by  Breithaupt  from  Sli'yoi,  little,  and  KXaatS,  fraelure. 


TricliDic.  Axes,  seep.  369.  be,  010  A  001  =  86°  14'.  Twins  as  with 
albite.     Crystals  rare.    Usually  massive  cleavable  or  granular. 

Cleavage:  c  perfect;  b  less  so;  also  M  sometimes  observed.  H.  =  5-6. 
G.  =  2-68-2*69.  Color  white,  gray,  greenish,  yellowish,  flesh-red.  Luster 
subvitreouB  to  pearly.     Optical  characters,  see  p.  376. 

CoBip. — Intermediate  oetween  albite  and  anorthite,  corresponding  to  Ab: 
An  in  the  ratio  of  3 : 2,  4:  3  to  1 : 1,  see  p..  376. 

Pyr.,  etc. — Fuses  in  thin  splinters  before  the  blowpipe.  Imperfectly  soluble  in  acids. 
Obs.— Observed  in  many  granular  and  volcanic  rocks;  thus  occurs  in  the  Andes,  at 
Mannato,  as  an  ingredient  of  the  rock  called  andewte;  in  the  porphyry  of  TEsterel.  Dept. 
du  Var,  France;  in  the  syenite  of  Alsace  in  the  Vosges;  at  Vapneflord,  Iceland;  Boden- 
mais,  Bavaria.  Sanford,  Me.,  with  vesuvianite.  Common  in  the  igneous  rocks  of  the 
Uocky  Mis. 

Labradorite.     Labrador  Feldspar. 

Triclinic.  Form  near  that  of  andesine,  but  not  accurately  known  (p.  369). 
Cleavage  angle  be  =  86°  4'.  Forms  and  twinning  similar  to  the  other  plagio- 
clase  species.  Crystals  often  very  thin  tabular |  b,  and  rhombic  in  outline 
bounded  by  cy  or  ex  (Fig.  425,  p.  131).  Also  massive,  cleavable  or  granular; 
sometimes  cryptocrystalline  or  hornstone-like. 

Cleavage:  c  perfect;  b  less  so;  M  (llo)  sometimes  distinct.  H.  =  5-6. 
G.  =  2-70-2'72.  Luster  on  e  pearly,  passing  into  vitreous;  elsewhere  vitreous 
or  subresinous.  Color  gray,  brown,  or  greenish  ;  sometimes  colorless  and 
glassy;  rarely  porcelain- white;  usually  a  beautiful  change  of  colors  in  cleav- 
able varieties,  especially  ||  b.  Streak  uncolored.  Translucent  to  subtrans- 
lucent.     Optical  characters,  see  p.  376. 

Play  of  colors  a  common  chni-acler,  but  sometimes  wanting  ns  in  some  colorleas  crys- 
tals. Blue  and  green  are  the  predominant  colors;  but  yellow,  tire-red,  and  pcarl-gi-ay  also 
occur.  Vogelsang  regards  the  common  blue  color  of  labradorite  as  an  iuterferencc- 
pliei.omeuon  due  to  its  lamellar  structure,  while  the  golden  or  reddish  schiller,  with  the 
other  colors,  is  due  to  the  presence  of  black  acicular  microlites  and  yellowish-red  micro- 
scopic laraellsB,  or  to  the  combined  effect  of  these  with  the  blue  reflections.  Schrauf  has 
examined  the  inclusions,  their  position,  etc..  and  given  the  names  inieroplaMie  And  micro- 
phyllite  to  two  groups  of  them.     (See  references  on  p.  143.) 

Comp.,  Yar. — Intermediate  between  albite  and  anorthite  and  corresponding 
chiefly  to  Ab  :  An  in  a  ratio  of  from  1  :  1  to  1  :  3,  p.  376. 

The  feldspars  which  lie  between  labradorite  proper  and  anorthite  have  been  embraced 
by  Tschennak  under  the  name  bytoicniU,  The  original  bytownite  of  Thomson  was  a 
j^Veenish-white  feldspathic  mineral  found  In  a  boulder  near  Bytown  (now  Ottawa)  in 
Ontario,  Canada. 

Pyr.,  etc.— B.B.  fuses  at  3  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydro- 
chloric acid,  generallv  leaving  a  portion  of  undecomposed  mineral. 

Difi.— The  beautiful  play  of  colors  is  a  common  but  not  universal  character.  Other- 
wise distincruished  as  are  the  other  feldspars  (pp.  870,  876). 

Obs. — Labradorite  is  an  essential  constituent  of  various  igneous  rocks,  especially  of  the 
basic  kinds,  and  usually  associated  with  some  member  of  the  pyroxene  oramphibole  groups. 
Thus  with  hypersthene  in  norite,  with  diallage  in  gabbro,  with  some  form  of  pyroxen*-  in 
diaba»e,  basalt,  dolerite,  also  andesite.   tephrite,  etc.     Labradorite  also  occurs  in  other 
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kinds  of  lava,  and  is  sometimes  found  in  tbem  in  glassy  crystals,  as  in  those  of  Etna. 
Vesuvius,  the  Sandwich  Islands  at  Kilauea. 

Tb6  labradorilic  massive  rocks  arc  most  common  among  ihe  formations  of  the  Arcbsean 
c'ra.  Sucli  are  part  of  those  of  British  America,  northern  New  York.  Pennsylvania, 
Arkansas;  those  of  Greenland,  Norway.  Finland.  Sweden,  and  probably  of  ihe  Vosges. 

On  toe  coast  of  Labrador,  labradorite  is  associated  with  hornblende,  hypersthi'ue,  liud 
inaguetiie.  It  is  met  with  in  many  places  in  Quebec.  Oct  urs  abundantly  through  the  cen 
trai  Adirondack  region  in  northern  New  York;  in  the  Wichita  Mts.,  Arkansas. 

liabradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr. 
Wolfe,  a  Moravian  missionary,  about  the  year  1770. 

Haskkltnite.    In  colorless  isotropic  grains  in  meteorites;  composition  near  labradorite. 


AKORTHTTB     Indianite. 

Triclinic.    Axes  df :  J  :  <J  =  0-6347  :  1  :  0-5501;  a  =  93°  13',  6  =  115''  551', 
Y  =  9r  12'.  ^ 

be,     010  A  001  =  85"  SO'. 
mM,  110  A  110  =  59*  29', 
ftm,    010  A  110  =  68'   4'. 
746.  747. 
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Twins  as  with  albite  (p.  375  and  p.  377).  Crystals  usually  prismatic  ||  6 
(746,  also  Fig.  338,  p.  108),  less  often  elongated  ||  h,  like  pericline  (Fig.  747). 
Also  massive,  cleavable,  with  granular  or  coarse  lamellar  structure. 

Cleavage:  c  perfect;  ft  somewhat  less  so.  Fracture  conchoidal  to  uneven. 
Brittle.  II.  =  6-6-5.  G.  =  2-74-2-76.  Color  white,  grayish,  reddish.  Streak 
uncolored.     Transparent  to  translucent. 

Optically  — .  Ax.  pi.  nearly  JL  e  (021),  and  its  trace  inclined  60**  to  the 
edge  c/e  from  left  above  behind  to  right  in  front  below.  Extinction-angles  on 
/;,  -  34**  to  -  42°  with  edge  b/c\  on  h,  -  35**  to  -  43°  (Fig.  739,  p.  375).  Dis- 
persion  p  <  r,  also  inclined.  2Ha.r  =  84°  50'.  Birefringence  stronger  than 
with  albite,  y  —  a  ~  0-013. 

Comp. — A  silicate  of  aluminium  and  calcium,  CaAl,Si,0,  or  CaO.  Al,0,.2SiO 
=  Silica  43-2,  alumina  36  7,  lime  20*1  =  100.     Soda  (as  NaAlSi.Oj  is  usually 
present  in  small  amount,  and  as  it  increases  there  is  a  gradual  transition  through 
bytownite  to  labradorite. 

VsLT.^Anorthite  was  described  from  the  glassy  crystals  of  Somma:  and  ehrisiianite  and 
biotine  are  the  same  mineral.  Tliioraauiie  is  the  same  from  Iceland.  IndumiU  is  a  white, 
grayish,  or  reddish  granular  anorthite  from  India,  where  it  occurs  as  the  gangue  of  corun- 
dum, first  described  in  1808  by  Count  Bouruon.  Cyelopite  occurs  in  small,  transparent,  and 
glassy  crystals,  tabular  |  b,  coating  cavities  in  the  dolerite  of  the  Cyclopean  Islands  and 
I'lear  Trezza  on  Etna.     Amphodelite,  lepolite,  latrobiU  also  belong  to  anorthite. 

Pyr.,  etc.— B.B.  fuses  at  5  to  a  colorless  glass.  Anorthite  from  Mte.  Somma,  and 
indianite  from  the  Carnatic,  are  decomposed  by  hydrochloric  acid,  with  separation  of 
gelatinous  silica. 
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Obs. — Occurs  in  some  diorites;  occasionally  in  connectioD  with  gabbro  and  serpentine 
rocks;  in  some  cases  along  with  corundum;  in  many  volcanic  rocks,  aodesites,  basalts  eic; 
as  a  constituent  of  some  meteoiites  (Juvenas,  Stannern). 

Anorthite  {christianile  and  hiotine)  occurs  at  Mount  Vesuvius  in  isolated  blocks  among 
the  old  lavas  in  the  ravines  of  Monte  Somma;  in  the  Albsni  Mts.;  on  the  Pesnieda  Alp, 
Monzoni,  Tyrol,  as  a  contact  mineral:  Arauyer  Berg,  Transylvania,  in  andesite;  on  Ice- 
land; near  fio^oslovsk  in  the  Ural.  In  the  Cyclopean  Islands  (eyelopite).  In  the  lava  of 
the  island  of  Miyake,  Japan. 

Anart/iite  was  named  in  1823  by  Rose  from  avopQoi,  Migue,  the  crystallization  being 
triclinic. 

Oelsian.  BaAUSitOs,  similar  to  anorthite.  but  containing  barium  instead  of  calcium. 
Massive,  with  the  usual  cleavages  c  (001)  and  h  (010),  cb  =  89^  36'.  H.  =  6-6*5.  G.  =  8*37. 
Colorless.    ExtiDCtion:  on  e,  8^  lO';  on  b,  26*"  45'.    From  Jakobsberg,  Sweden. 


n.  MetaBilioateB.    BSiO,. 

Salts  of  Metasilioic  Acid,  H.SiO.;  characterized  by  an  oxygen  ratio  of  2  : 1 
for  silicon  to  bases.  The  Division  closes  with  a  number  of  species,  in  part  of 
somewhat  doubtful  composition,  forming  a  transition  to  the  Orthosilicates. 

The  metasilicates  include  two  prominent  and  well-characterized  groups, 
viz.,  the  Pyroxene  Group  and  the  Amphibole  Group.  There  are  also  others 
less  important. 


lieucite  Group.    Isometric. 

In  several  respects  leuclte  is  allied  to  the  species  of  the  Fbldspab  Gboup,  which  Imme- 
diniely  precede. 

Lencite  KAl(SiO,),  Isometric  at  500° 

Pseudo-isometric  at  ordinary  temperatures. 
PoUucite  H,Cs,Al,(SiO,).  Isometric 

IfEUOITE.    Amphigdne. 

Isometric  at  500°  C;  pseudo-isometric  under  ordinary  conditions  (see  p. 
'330).  Commonly  in  crystals  varying  in  angle  but  little  from  the  tetragonal 
trisoctahedron  n  (211),  sometimes  with  a  (100),  and  d  749. 

(110)  as  subordinate  forms.  Faces  often  showing 
fine  striations  due  to  twinning  (Fig.  749).  Also  in 
<lisseminated  grains;  rarely  massive  granular. 

Cleavage:  d  (110)  very  imperfect.  Fracture  con- 
ihoidal.  Brittle.  H.  =  5-5-6.  G.  =  2-45-2-50.  Luster 
vitreous.  Color  white,  ash-gray  or  smoke-gray.  Streak 
uncolored.  Translucent  to  opaque.  Usually  shows 
verv  feeble  double  refraction:  g?  =  1*508,  e  =  1*509 
(p.  230). 

Comp.  — KAl(SiO,),  or  K,O.Al,0,.4SiO,  =  Silica 
550,  alumina  23  5,  potash  21-5  =  100. 

Soda  is  present  only  in  small  quantities,  unless  as  introduced  by  alteration;  traces  of 
lithium,  also  of  rubidium  and  ceesium,  have  been  detected. 

Pyr.,  etc. — B.B.  infusible;  with  cobalt  solution  gives  a  blue  color  (aluminium).  Decom- 
posed by  hydrochloric  acid  without  gelatinization. 

Diff. — Characierizcd  by  its  tnipezohcdral  forui,  absence  of  color,  and  infusibility.  It 
is  softer  than  garnet  and  harder  than  aiiulcite;  the  latter  yields  water  and  fuses. 
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Recognized  in  thin  sections  by  its  extremely  low  refraction,  isotropic  character,  and  the 
symmetrical  arrangement  of  inclusions  (Fig.  750;  also  Fig.  471.  p.  141).    Larger  crysta.s 

760. 

Leucite  crystals  from  the  leucitite  of  the  Bearpaw  Hts.,  Montana  (Pirssoo).     These  show 
the  progressive  growth  from  skeleton  forms  to  complete  crystals  with  glass  inclusions. 

are  commonly  not  wholly  isotropic  and,  further,  show  complicated  systems  of  twinoiD^ 
lines  (Fig.  749);  the  birefringence  is,  however,  very  low,  and  the  colors  M»rcely  rise  ai'«»T. 
dark  gray;  they  are  best  seen  by  introduction  of  the  quartz  or  selenlte  plaie  yitldiug  red  (»f 
the  first  order.  The  smaller  leucites,  which  lack  this  twinning  or  the  inclusions,  are  ouly 
to  be  distinguished  from  sodalite  or  unalclte  by  chemical  tests. 

Obs. — Leucite  occurs  onlv  in  igneous  rocks,  and  especially  in  recent  lavas,  as  one  of  the 
products  of  crystallization  of  magmas  rich  in  potash  and  low  in  silica  (for  which  reason  thi^^ 
species  rather  than  ortboclase  is  formed).  The  larger  embedded  crystals  are  coninum  y 
anisotropic  and  show  twinning  lamellse;  the  smaller  ones,  forming  the  groundmass.  are  i^v 
tropic  and  without  twinning.  Found  in  leiicitites  and  leucite- basalts,  ]eucitophvre5(,  leucitt- 
phonolites  and  leucite-iephrites;  also  in  certain  rocks  occurring  in  dikes.  Very  rare  Iq 
intruded  igneous  rocks,  only  one  or  two  instances  being  known;  but  its  former  preM-iic 
under  such  conditions  is  indicated  by  pseudomorphs,  often  of  large  size  (p8eudoUucttr> 
consisting  of  nephelite  and  orthoclase,  also  of  anatcite. 

The  prominent  localities  are,  first  of  all,  Vesuvius  and  Mte.  Bomma.  where  it  is  tliicklv 
disseminated  through  the  lava  in  grains,  and  in  large  perfect  crystals:  also  in  ejerieit 
masses;  also  near  Rome,  at  Capo  di  Bove.  Rocca  Montina,  etc.  Further  in  leucite  tephriie 
at  Proceno  near  Lake  Bolsena  in  central  Italy;  also  about  the  Laacher  See  and  at  severh. 
points  in  the  Eifel;  at  Rieden  near  Andernach;  at  Meiclies  in  the  Voirelsgebirge;  in  tlie 
Kaiserstuhlgebirge.  Occurs  in  Brazil,  at  Pinhalzinho.  From  the  Cerro  de  las  Viririne-. 
Lower^CaliforniH.  In  the  United  States  it  is  present  in  a  rock  in  the  Green  River  Bnsiij  u' 
the  Leucite  Hills,  Wyoming;  also  in  the  Absaroka  range,  in  northwestern  Wyominc:  iu 
the  Highwood  and  Bearpaw  Mts  ,  Montana  (in  part  pseudoleucite).  On  the  sliores  of  Vau- 
couver  Island,  where  magnificent  groups  of  crystals  have  been  found  as  drift  boulders 

Pseudoleucite  (see  above)  occurs  in  the  phonolite  (Ungual te)  of  the  Serra  de  Tingua,  Brnzi!; 
at  Magnet  Gove,  Arkansas;  near  Hamburg,  N.  J.;  ]m)utana;  also  in  the  Cariboo  Di^tr. 
British  Columbia. 

Named  from  XevKoi,  w?nU,  in  allusion  to  its  color. 

PoUnoite.  Essentially  Hs0.2Cs90.2AltOs.9Si09.  Isometric;  often  in  cubes;  also  m.is 
sive.  H.  =  6*5.  G.  =  2-901.  Colorless.  Occurs  very  sparinglj'  in  the  island  of  Elba. 
with  petalite  (castorite);  also  at  Hebron  and  Rumford,  Me. 


Pyroxene  Group. 

Orthorhombic,  Monoclinic,  Triclinic. 

Composf  Aon  for  the  most  part  that  of  a  metasilicate,  BSiO,,  with  R  = 

•  Ca,Mg,Pe  chiefly,  also  Mn,Zn.    Further  RSiO,  with  R(Fe,Al),SiO„  less  often 

containing  alkalies  (Na,K),  and  then  RSiO,  with  RAl(SiO,),.     Rarely  includ- 
ing zirconium  and  titanium,  also  fluorine. 

a,  Orthorhombic  Section. 

d  :h  :  i  or  h  :  d  :i 

Enstatlte  MgSiO,  0-9702  :  1  :  0-5710       1-0307  :  1  :  0-5SS5 

*  Bronzite  (Mg,Pe)8iO, 

Hypersthene  (Fe,Mg)SiO,  0-9713  :  1  :  0-5704       1-0319  :  1  :  0-5STe 

The  second  set  of  axial  ratios,  with  ^  =  1,  brings  out  the  similarity  of  the  form  to  ibe 
monoclinic  species. 
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A  Manodinic  SeetUm. 

^oxene  1^921 :  1  :  0-6893  74*^  10' 

I.  NoN'ALUMisoua  Varieties: 

Malacolite,  Salite,  Diallage,  etc. 

2.  Hedenbergite  CaFe(SiO,), 

Manganhedenbergite  Ca(Fe,Mii)(8iO,), 

3.  ScHEFFBKiTE  (Ca,Mg)(Fe,Mn)(SiO,), 

Jeffersonite  (Ca,Mg)(Fe,Mn,Zn)(SiO,), 

II.  Aluminous  Varieties: 

A    AuGiTE  ■!  Ca(Mff,Fe)(SiO.). 

4.  AUGITE  j  ^.^^  atfg,Fe)(Al,Fe),SiO. 

Leucaugite,  Fassaite,  Augite,  ^girite-augitg.. 

Acmite  (iEgirite)   NaFe(SiO,),  1-0996  :  1  :  06012  73°  ir 

Spodunene  LiAl(SiO,),  1-1238 :  1  : 0-6355  69°  40' 

Jadeite  NaAl(SiO,),  1-103    :  1  :  0613    73°  44^' 

d:l:d  /3 

1-0531  :  1  :  0*9676  84°  30' 
1-1140  :  1  :  0-9864  84°  40' 


a  fir 

103°  18'     108°  44'  81*^  39*^ 


104°  21i'   108°  31'  83°  34^^ 
(Ca,Fe,Mn)SiO..Fe,(SiO,), 

The  rare  species  Rosenbuschite,  L&vi>nite,  WOhlerite  also  belong  under  the  monocliiiic 
section  and  Hiortdahlite  under  the  iriclinic  section  of  this  group. 

The  Pyroxene  Group  embraces  a  number  of  species  which,  while  falling 
in  different  systems — orthorhorabic,  monoclinic,  and  triclinic— are  yet  closely 
related  in  form.  Thus  all  have  a  fundamental  prism  with  an  angle  of  93°  and 
87°,  parallel  to  which  there  is  more  or  less  distinct  cleavage.  Further,  the 
angles  in  other  prominent  zones  show  a  considerable  degree  of  similarity.  In 
composition  the  metasilicates  of  calcium,  magnesium,  and  ferrous  iron  are  most 

n  III  I 

prominent,  while  compounds  of  the  form  R(Al,Fe),SiO„  RAl(SiO«),  are  also 
important. 

The  species  of  the  pyroxene  group  are  closely  related  in  composition  to  the 
corresponding  species  of  the  amphibole  group,  which  also  embraces  members 
in  the  orthorhombic,  monoclinic,  and  triclinic  systems.  In  a  number  of  cases 
the  same  chemical  compound  appears  in  each  group;  furthermore,  a  change 


Wollaitonite 

CaSiO. 

PeetoUte 

HNaCa,(SiO.). 

y,  Triclinic  Section, 

d:i:d 

Bhodonite    MnSiO> 

10729  :  1  :  06213 

also  (Mn,Ca)SiO. 

(Mn,Fe)SiO. 

(Mn,Zn,Fe,Ca)SiOa 

Babinetonite 

1-0691  :  1  :  0*6308 

:^84 
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by  paramorpliism  of  pyroxene  to  amphibole  is  often  obaerved.  In  form  also 
the  two  groups  are  related ,  as  shown  in  the  axial  ratio;  also  in  the  parallel 
growth  of  crystals  of  mouoclinic  amphibole  upon  or  about  those  of  pyroxene 
(Fig.  430,  p.  131).    The  axial  ratios ior  the  typical  monocliuic  species  are: 

Pyroxene  a:h:d    =  1-0921  :  1  :  0'5893  ft  =  74°  10' 

Amphibole  ^  :  ^J  :  <5  =  1-1022  :  1  :  05875  /?  =  73°  58' 

See  further  on  p.  398. 

The  optical  relations  of  the  prominent  members  of  the  Pyroxene  Group, 
especially  as  regards  the  connection  between  the  position  of  the  ether-axes  and 
the  crystallographic  axes  are  exemplified  in  the  following  figures  (Cross). 

761. 
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^         ^ 

^^\  ^ 


*    <b> 


I,  Enstatite,  etc.    11,  SpodumeDe.    Ill,  Dfopsfde,  etc.     lY,  Hedenbergite.  Augite. 

V,  Augite.     VI,  ^girite. 

A  corresponding  exhibition  of  the  prominent  amphiboles  is  giyen  under  that 
group.  Fig.  785,  p.  398. 


a.  Ortharhombic  Section. 


BWaTATTTB. 

Orthorhombic. 
762. 


Axes  &:i:d  =  09702  :  1  :  05710. 

mm"\  110  A  110  =  88'  16'.         rr'.    228  A  223  =  40"  lej. 
qq',       028  A  023  =  4r  41'.  rr'",  223  A  228  =  39'    1}. 

Twins  rare:  tw.  pi.  h  (014)  as  twinning  lamellas; 
also  tw.  pi.  (101)  as  stellate  twins  crossing  at  angles  of 
nearly  60°,  sometimes  six-rayed.  Distinct  crystals  rare, 
habit  prismatic.  Usually  massive,  fibrous,  or  lamellar. 
Cleavage:  m  rather  easy.  Parting  ||  b;  also  a.  Frac- 
ture uneven.  Brittle.  H.  =  55.  G.  =  3-1-3-3.  Luster. 
Bamlf.  a  little  pearly  on  cleavage-surfaces  to  vitreous;   often 

metalloidal  in  the  bronzite  variety.  Color  grayish,  yellowish  or  greenish  white, 
to  olive-green  and  brown.  Streak  uncolored,  grayish.  Translucent  to  nearly 
opaque.  Pleochroism  weak,  more  marked  in  varieties  relatively  rich  in  iron. 
Optically  +.  Ax.-pl.  ||  b.  Bx  JL  c.  Dispersion  p  <v  weak.  Axial  angle  larcre 
and  variable,  increasing  with  the  amount  of  iron,  usually  about  90°  for  FeO 
=  10  p.  c.     /3y  =  1-669;  y-  ot  =  0009. 

Comp.,  Var.— MgSiO,  or  MgO.SiO,  =  Silica  60,  magnesia  40  =  100.     Also 
(Mg,Fe)SiO,  with  Mg  :  Fe  =  8  :  1,  6  :  1,  3  :  1,  etc, 

Var.— 1.  Wit?i  little  or  no  iron;  Emtaiite.    Color  white,  yellowish,  (rrayisb,  or  greenish 
white;   luster  vitreous  to  pearly;   Q.  =  810-313      C//^a<iw^te  (ShcpartUte  of  Rose),  which 
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makes  up  90  p.  c.  of  the  BishopTille  meteorite,  belongs  here  and  is  the  purest  kind, 
occurring  in  the  Deesa  meteoric  iron  in  rosettes  of  acicular  crystals,  is  similar. 

763.  764. 
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Enstatite  (Bronzite).  Hypersthene. 

2.  Ferriferotu;  Bronute.  Color  grayish  green  to  olive-green  and  brown.  Luster  or 
cleavage-surface  often  adamauiHie-pearly  to  submetallic  or  bronze-like;  this,  however,  is 
usually  of  secondary  origin  and  is  not  essential.  With  the  increase  of  iron  (above  12  to  14 
p.  c.)  bronzite  passes  to  hypersthene,  the  optic  axial  angle  changing  so  tbat  in  the  latter 
a  =  Bx.  and  Bx,  ±  a.    This  is  illustrated  by  Figs.  758,  754. 


766. 


766. 
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Fif^s.  755,  Bronzite  enclosing  lamince  of  diallaire  'P)     756,  Diallage  (P)  enclosing  Irtuiinae  of 
bronzite  (E).     From  Lacroix.     757,  Enstatite  Cbondrule  from  the  Knyahinya  Meteorite. 

Pyr.,  etc. — B.B.  almost  in  fusible,  being  only  slightly  rounded  on  the  thin  edges;  F.=  6. 
Insoluble  in  b\  drocliloric  ncid. 

Obfl. — Enstatite  (incl.  bronzite)  is  a  common  constituent  of  peridotitesandtbe  serpentines 
•'^rived  from  tbem;  it  also  occurs  in  crystalline  schists.  It  is  often  associated  in  parallel 
LTowth  with  a  monoclinic  pyroxene,  e.g.,  diallage  (Figs.  755.  756).  A  common  mineral  in 
ii.cii'oric  stones  often  occurrin^r  in  chondrules  with  eccentric  radiated  structure  (Fig.  757). 

O  curs  near  Aloysthal  in  Moravia,  in  serpentine;  at  Kupferberjc:  in  Bavaria;  at  Ba»te  iu 
'lie  Ilarz  ( protobastite):  in  the  so-called  olivine  bombs  of  the  Dreiser  Weiher  in  the  Eifel; 
iti  immense  crystals,  in  part  altered,  at  the  apatite  deposits  of  KjOrrestad  near  Bnmle,  Nor- 
way, iu  the  peridotiie  associated  wiih  the  diamond  deposits  of  South  Africa. 

In  the  U.  S.,  in  New  York  at  the  Tilly  Foster  magnetite  mine,  Brewster,  Putnam  Co., 
with  chondrodite;^at  Edwards,  N.  Y. 

Nnraed  from  eVcrra'r^s.  an  opponent,  because  so  refractory.  The  name  broneiie  has 
priority,  but  a  bronze  luster  is  not  essential,  and  is  far  from  universal. 


HYPERSTHENE . 

Orthorhombic. 


Axes  &:h:d  =  6-9713  :  1 :  0-5704. 


mm"\  110  A  110  =  88'  20'.   *        oo'" 
hh\       014  A  014  =  1 6M4'.  uu" 


111  Alii  =  52*23'. 
232  A  2^2  =  72'  50'. 
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Crystals  rare^  habit  prismatic,  often  tabular  |  a,  less  often  |  b.  Usual]/ 
foliated  massive;  sometimes  in  embedded  spherical  forms. 

Cleavage  :  b  perfect;  m  and  a  distinct  but  interrupted.  Fracture  uneven. 
Brittle.     H.  =  5--6.     6.  =  3'40-3'50.     Luster  somewhat  pearly  on  a  cleavage- 
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Figs.  758,  Amblj/siegiU,  Luocli.     759.  Miln&s,    760,  Seciiuu  |  b  (010)  sbowiug  inclusions 
(X  ^);  tlie  exterior  traus formed  to  actinolile;  from  Lacroiz. 

surface,  and  sometimes  metalloidal.  Color  dark  brownish  green,  grayish  black, 
greenish  black,  pinchbeck-brown.  Streak  grayish,  brownish  gray.  Translu- 
cent to  nearly  opaque.  Pleochroism  often  strong,  especially  in  the  kinds  wiib 
high  iron  percentage  ;  thns  ||  a  or  a  brownish  red,  i«  or  h  reddish  yellow,  c  or  / 
green.  Optically  — .  Ax.  pi.  ||  b.  Bx  J_^.  Dispersion  p  >  v.  Axial  aiigl^' 
rather  large  and  variable,  diminishing  with  increase  of  iron,  cf.  enstatite,  y. 
384,  and  Figs.  753,  754,  p.  385.     ft  =  1*702;  ;/  -  a  =  0  013. 

HyperstheDC  oftei;  cDc1i>se»  TXiinute  tabular  scales,  iisunlly  of  n  brown  color,  nrrnni'ul 
mostly  parallel  to  the  basal  plane  (Fig.  760).  iilso  less  frequently  vertical  or  incliued  30~  u> 
^;  they  maybe  brookite  (gOtbiie,  hematite),  but  their  true  uaiure  is  doubtful.  They  ae 
tbe  cause  of  the  peculiar  luetnlloidal  luster  or  Fohiller,  and  are  often  of  secondary  origii: 
being  developed  along  the  so-called  "solution -planes"  (p.  149). 

Comp.,  Yar.-(Fe,Mg)SiO,  with  Fe:  Mg  =  1 : 3(FeO  =  16-7  p.  c),  1: 2(FeO 
=  21*7  p.  c.)  to  nearly  1 :  l(FeO  =  31*0  p.  c).  Alumina  is  sometimes  present 
(up  to  10  p.  c.)  and  the  composition  then  approximates  to  the  aluminous 
pyroxenes. 

Of  the  orthorbombic  magnesium-iron  metasillcates,  those  with  FeO  >  12  to  15  p.  c.  aic 
usually  10  be  classed  with  hypersihene,  which  is  further  characterized  by  being  optical!}- 
negative  and  having  dispersion  p  >  r. 

Pyr.,  etc. — B.B.  fuses  to  a  black  enamel,  nnd  on  charcoal  yields  a  magnetic  mas>, 
fuses  more  easily  with  increasing  amount  of  iron.  Partially  decomposed  by  hydxi 
chloric  acid. 

Obs. — Hyper&tbene.  associated  with  a  triclinic  feldspar  (labradorite),  is  common  in 
certain  granular  eruptive  rocks,  as  norite.  hyperiie,  gabbro,  also  in  some  andesites  (h^fpfr- 
sthens-andente),  a  rock  recently  shown  to  occur  riither  extensively  in  widely  separated 
regions. 

It  occurs  at  Isle  St.  Paul ;  Labrador;  in  Greenland;  at  Farsund  and  elsewhere  io  Not- 
way;  Elfdalen  in  Sweden;  Penig  in  Saxony;  Honsberg  in  Bohemia:  the  Tyrol;  Neurodt^ 
in  Silesia;  Bodenmais,  Bavaria.  AmblysUgiie  is  from  the  Laacber  See.  Senboite  occurs 
with  pseudobrookite  and  tridymite,  in  cavities  in  the  andesite  of  the  Aranyer  Berg,  Tnui- 
sylvania.  and  elsewhere. 

Occurs  in  the  norites  of  the  Cortlandt  region  on  the  Hudson  river,  N.  Y.:  also  commit 
with  labradoriie  in  the  Adirondack  Archaean  region  of  northern  New  York  and  north  wani 
ill  Canada.  In  the  hypersthene-andesites  of  Mt.  Shasta,  California;  Buffalo  Peaks,  Col<>- 
rado,  and  other  points. 

Ilpperathene  is  named  from  vTCep  and  aBevo^,  very  »trong,  or  tough, 

Bastitb.  or  Schiller  Spar.  An  altered  enstatite  (or  bronzite)  having  approximately 
the  composition  of  serpentine.     It  uccura  in  foliated  form  iu  certain  granular  eruptive 
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rocks  and  is  characterized  by  a  bronze-like  metalloidal  luster  or  schiller  od  the  chief 
cleavage- face  (b),  which  "  schillerization  "  (p.  190)  is  of  secondary  origin.  H.  =  8'5-4. 
0.=  2-5-2*7.  Color  leek-green  to  olive-  and  pistachio-green,  and  pinch  beck- brown.  Pleo- 
chroism  not  marked.  Optically  — .  Double  refraction  weak.  Ax.  pi.  |  a  (hence  normal 
10  that  of  eustatite).  Bx  i  b.  Dispersion  p  >v.  Tlie  original  bastite  was  from  Baste 
near  Harzburg  in  tbe  Harz;  also  from  Todtmoos  in  the  Schwarzwald. 

Peckhamite,  2<Mg,Fe)SiOa.(Mg.Fe)Si04.     Occurs  in  roqnded  nodules  in  the  meteorite 
of  Esthenrille,  Emmet  Co.,  Iowa,  May  10,  1879.     G.  =  3-28.    Color  light  greenish  yellow. 


/3.  Manodinic  SecHan. 


PYROZHNB: 

Monoclinic. 

mm' 


Axes  a  'A\i=  10921 

110  A  110  =  92"  50'. 
001  A  100  =  7r  10'. 

001  A 101  =  ar  20'. 
on  A  oil  =  so**  6'. 

021  A  021  =  97°  11'. 
001  A  111  =  33°  49i'. 
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m 


762. 


763. 


1:0-5893;  /J  =  74°  10'. 
cfj,  001  A  221  =  49"  54'. 
cm,  001  A  110  =  79"9f. 
M,  001  A  ill  =42"  2'. 
uu\  111  A  lil  =  48"29'. 
B^,  ill  A  iil  =  59"  11'. 
oof,  221  A  221  =  84"  11'. 
764. 


765. 


Twins:  W.  pi.  (1)  a,  contact- twins,  common.  (Fig.  769),  sometimes  poly- 
synthetic.  (2)  c,  as  twinning  lamellsB  producing  striations  on  the  vertical 
faces  and  pseudo-cleavage  or  parting  ||  c  (Fig.  770) ;  very  common,  often  sec- 
ojidary.  (3)  y  (101)  cruciform -twins,  not  common  (Fig.  421,  p.  130).  (4)  W 
[I'Z'l)  the  vertical  axes  crossing  at  angles  of  nearly  60°;  sometimes  repeated  as 
a  six-rayed  star  (Fig.  420,  p.  130).  Crystals  usually  prismatic  in  habit,  often 
short  and  thick,  and  either  a  square  prism  (a,  h  prominent),  or  nearly  square 


766. 


767. 


768. 


769. 


ma  m    < 

I 


(93%  87°)  with  m  predominating;  sometimes  a  nearly  symmetrical  8-sided 
prism  with  «,  h,  m  (Fig.  770).  Often  coarsely  lamellar,  \  c  or  a.  Also  granu- 
lar, coarse  or  fine;  rarely  fibrous  or  columnar. 

Cleavage:  m  sometimes  rather  perfect,  but  interrupted,  often  only  observed 
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in  thin  sections  J.  6  (Fig.  771). 


770. 


771. 


Parting  ||  c,  due  to  twinning,  often  promi- 
nent, especially  in  large  crystals  and 
lamellar  masses  (Fig.  770);  also  ||  a  less 
distinct  and  not  so  common.  Fracture 
uneven  to  conchoidal.  Brittle.  H.  = 
5-6.  G.  =  3*2-3-6,  varying  with  the  com- 
,  ^Q  position.  Luster  vitreous  inclining  to 
resinous;  often  dull;  sometimes  pearly 
II  c  in  kinds  showing  parting.  Color  usu- 
ally green  of  various  dull  shades,  varying 
from  nearly  colorless,  white,  or  grayish 
white  to  brown  and  black;  rarely  bright 
green,  as  in  kinds  containing  chromium;  also  blue.  Streak  white  to  gray  and 
grayish  green.  Transparent  to  opaque.  Pleochroism  usually  weak,  eveu  in 
dark-colored  varieties;  sometimes  marked,  especially  in  violet-brown  kinds 
containing  titanium. 

Optically  +.  Birefringence  strong,  {y  —  a)  =  0*02  —  003.  Ax.  pi.  |  h. 
BXft  A  ^  =  c  A  ^  =  +  36°  in  diopside,  to  +  52°  in  augite  (wh.  see),  or  cc  =  '20° 
to  36°,  the  angle  in  general  increasing  with  amount  of  iron.  For  diopside 
from  Ala   (Dx.):    2E^=  111°  20'.     Also   (Flink)   for  white  diopside   from 


Nordmark  (2*49  p.  c.  I'eO) : 
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Comp.,  Yar.— For  the  most  part  a  normal  metasilicate,  RSiO« ,  chiefly  of 
calcium  and  magnesium,  also  iron,  less 
often  manganese  and  zinc.  The  alkali 
metals  potassium  and  sodium  present 
rarely,  except  in  very  small  amount. 
Also  in  certain  Varieties  containing  the 
trivalent  metals  aluminium,  ferric  iron, 
and  manganese.  These  last  varieties  may 
be  most  simply  considered  as  molecu- 
lar compounds  of  Ca(Mg,Fe)Si,0,  and 
(Mg,Fe)(Al,Fe)  SiO,,  as  suggested  by 
Tschermak.  Chromium  is  sometimes 
present  in  small  amount;  also  titanium 
replacing  silicon. 

The  name  Pyroxene  is  from  nvp,  iire,  and 
^€vo<i>,  stranger,  and  records  Hatly's  idea  that 
the  mineral  was,  as  he  expresses  it,  *'a  stranger 
in  the  domain  of  fire,"  whereas,  in  fact,  it  is,  next 
to  the  feldspars,  the  most  universal  constituent 
of  igneous  rocks. 

The  varieties  are  numerous  and  depend  upon  variations  in  composition  chiefly;  the 
more  prominent  of  the  varieties  properly  rank  as  sub-species. 

I.   Containing  little  or  no  Aluminium, 

1.  Diopside.  Malacolite,  Alalite.  Calciuni'magnesium  pyroxene.  For- 
mula CaMg(SiO,),  =  Silica  55-6,  lime  25*9,  magnesia  185  =  100.  Color  white, 
yellowish,  grayish  white  to  pale  green,  and  finally  to  dark  green  and  nearly 
black;  sometimes  transparent  and  colorless,  also  rarely  a  fine  blue.     In  pris- 


SILICATES.  38f> 

matic  crystals,  ofken  slender;  also  granular  and  columnar  to  lamellar  massive. 
G.  =  3-2-3-38.  Bx»  a  <5  =  +  36°  and  upwards,  v  —  a  =  003.  Iron  is  pres- 
ent usually  in  small  amount  as  noted  below,  and  the  amount  increases  as  \t 
graduates  toward  true  hedenbergite. 

The  followmg  belong  here:  Chrome-diopaide,  coutains  chromium  (1  to  2 "8  p.  c.  CrjOi)» 
often  a  bright  green. 

MaUieoliU,  as  originally  described,  was  a  palo-colored  translucent  variety  from  Snla, 
Sweden. 

AUUite  occurs  in  broad  right-angled  prisma,  colorless  to  faint  greenish  or  clear  green, 
from  the  Mussa  Alp  in  the  Ala  valley.  Piedmont. 

Traversellite,  from  Traversella,  is  similar. 

Violan  is  a  line  blue  diopside  from  St.  Marcel,  Piedmont,  Italy;  occurring  in  prismatic 
crystals  and  massive. 

CaTuxaniie  is  a  grayish- white  or  bluish-white  pyroxene  rock  occurring  with  dolomiie  at 
Canaan,  Conn. 

Lavrotiie  is  a  pvroxene,  colored  green  by  vanadium,  from  the  neigliborhood  of  Lulie 
Bailial,  in  eastern  Liberia. 

Diopside  is  named  from  dzS,  ttoice  or  double,  and  o^tS,  appearance.  Malacolite  is  from 
^aXaKoi,  wfi,  because  softer  than  feldspar,  with  winch  it  was  associated. 

2.  Hedenbeboite.  Calcium  -  iron,  pyrozene.  Formula  CaFe(SiO,),  = 
Silica  48-4,  iron  protoxide  29  4,  lime  22'2*=  100.  Color  black.  In  crystiils, 
and  also  lamellar  massive.  G.  =  3*5-3'58.  Bx^  A  <^  =  +  48°.  Manganese  is 
present  in  manganhedenhergite  to  65  p.  c.     Color  grayish  green.     G.  =  3  55. 

Between  the  two  extremes,  diopside  and  hedenbergite,  there  are  numerous  trnusitioDs 
conforming  to  the  formula  Ca(Mg, Fe)Si«0«.  As  the  amount  of  iron  increases  the  color 
changes  from  lieht  to  dark  green  to  nearly  black,  the  specific  gravity  increases  iroui  8*2  to 
3  6,  and  the  angle  Bx.  A  <^  also  from  Sa**  to  48^ 

The  following  are  varieties,  coming  under  these  two  sub-species,  based  in  part  upon 
structure,  in  part  on  peculiarities  of  composition. 

SalUe  (Sahlite),  color  grayish  green  to  deep  green  and  black;  sometimes  grayish  and 
yellowish  white;  in  crystSs;  also  lamellar  (parting  |  c)  and  granular  massive;  m)m  Snla  in 
Sweden.  BaikalUe,  a  dtirk  dingy  green  variety,  in  crystals,  with  parting  |  c\  from  Luke 
Baikal,  in  Siberia. 

Coeeolite  is  a  granular  variety,  embedded  io  calcite,  also  forming  loosely  coherent  \o 
compact  aggregates;  color  varying  from  white  to  pale  green  to  dark  green,  and  then  cuu* 
taining  considerable  iron;  the  fatter  the  original  coccoliie.     Named  from  kokkoS,  hgiain, 

DiALLAOE.  A  lamellar  or  thin-foliated  pyroxene,  characterized  by  a  fine  lamellar 
structure  and  parting  J  a,  with  also  parting  |  6.  and  less  often  |  c.  Also  a  fibrous  structure 
i  6.  Twinning  |  a.  often  polysynthetic;  interlami nation  with  an  orthorhonibic  pyroxene 
common  (Figa.  755  and  756,  p.  886).  Color  grayish  green  to  bright  grass-green,  aiui  deep 
£^reeii;  also  brown.  Luster  of  surface  a  often  pearly,  sometimes  metalloidal  or  exhibi'ing 
schiller  and  resembling  bronzite,  from  the  presence  of  microscopic  inclusions  of  secondary 
origin.  Bx»  A  i  =  4-  89  to  40" ;  /?  =  1  -681 ;  r  -  ^  =  0'024.  H.  =  4;  O.  =  8-2-3-35.  In 
cuinposition  near  diopside,  but  often  containing  aluminu  and  sometimes  in  considernble 
amount,  then  properly  to  be  classed  with  the  augites.  Often  changed  to  amphibole,  see 
f^niaragdite.  p.  401,  and  uralite.  p.  401.  Named  from  SiaWaytf,  difference,  in  allusion  to 
the  dissimilar  planes  of  fracture.  This  is  the  characteristic  )  yroxeue  of  gabbro,  and  other 
relate<l  rocks. 

OmpTiadie.  The  granular  to  foliated  pyroxenic  constituent  of  the  garnet-rock  called 
eclo<^ite.  often  interlaminated  with  amphibole  (smaragdlte);  color  grass-green.  Contains 
some  AUO3. 

3.  ScHEFFEBiTE.  A  manganese  pyroxene,  sometimes  also  containing  much 
iron.      Color  brown  to  black. 

In  crystals,  sometimes  Uibular  I  c,  also  with  p  (101)  prominent,  more  often  elongjited  in 
the  direction  of  the  zone  6:p(10l),  rarely  prismatic,  I  h.  Twins,  with  a  as  tw.  pi.  very 
coiumon.  Also  crystalline,  massive.  Cleavage  prismatic,  very  distinct.  Color  yellowish 
brown  to  reddish  brown;  also  black  (iron-schefferite).  Optically -f.  Bx*  a  <^  =  c  A  <^  = 
44*  25i'.  The  iron-schefferite  from  Pajsberg  is  black  in  color  and  has  c  a  ^  =  +  49"  to 
59"  for  different  zones  in  the  same  crystal.  The  brown  iron-schefferite  (urbanite)  from 
Langbau  has  c  A  ^  =  69**  8'.     It  resembles  garnet  in  appearance. 
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Jeffer%oniU  is  a  mangaoese-zinc  pyroxene  from  Franklin  Furnace,  K.  J.  (but  the  zinc 
may  be  due  to  impurity).  In  large,  coarse  crystals  with  edges  rounded  and  faces  uneven. 
Color  greenish  black,  on  the  expired  surface  chocolate-brown. 

II.  Aluminous. 


773. 


4.  AUGITE.  Aluminous  pyroa-ene.  Composition  chiefly  CaMgSi^O,  with 
(Mg,Fe)(Al,Fe),SiO.,and  occasionally  also  containing  alkalies  and  then  grada- 
ating  toward  segirite.     Titanium  is  also  sometimes  present.     Here  belong: 

a.  Lbtjcauoitb.  Colur  white  or  grayish.  Contains  alumina,  with  lime  and  magnesia, 
niid  little  or  no  iron.  Looks  like  diopside.  H.  =  6*5;  Q.  =  819.  Named  from  XevKoi, 
it  kite. 

b.  Fassaitb.  Includes  the  pale  to  dark,  sometimes  deep  green  crystals,  or  pistachio- 
greeo  nud  then  resembling  epidote  (Fig.  766).  The  aluminous  kinds  of  diallage  also 
)>elong  here.  Named  from  the  locality  in  the  Fassathal,  Tyrol.  Pyrgom  is  from  xvpyoofia, 
a  tower. 

e.  AuoiTE.  Includes  the  greenish  or  brownish  black  and  black  kinds,  occurring 
mostly  in  eruptive  rocks.  It  is  usually  in  short  prismatic  crystals,  thick  and  stout,  or 
tabular  |  a;  often  twins  (Figs.  767-769).  Ferric  iron  is  here  present,  in  relatively  lar^e 
amount,  and  the  angle  Bx^  A  ^  becomes -}-  50°  to  52*.  fl  =  1-717:  y  —  a  =z  0O22.  TiO, 
Is  present  in  some  kinds,  which  are  then  pleocbroic.    Kamed  from  avyj},  Ituier. 

d,  Alkau-augite.    Here  belong  varieties  of  augite  churacicrizeil  by  lite  presence  of 

alitalies,  especially  soda;  they  approximate  iu  compitsi- 
tion  and  optically  to  acmite  and  segirite  (Bx^  A  ^  =  60°, 
Fig.  773),  and  are  sometimes  called  ssgirito-MUgite  (cf. 
Fig.  776.  p.  392).  Known  chiefly  from  rocks  rich  in 
alkalies,  as  elssolite-syenite,  phonulite,  leucitiie,  etc. 

Pyr.,  etc.— Varying  widely,  owing  to  the  wide 
variations  in  composition  in  the  different  varieties,  nnd 
often  by  insensible  gradations.  Fusibility,  8*75  in  diop- 
side; 3'5  in  salite,  baikalite.  and  omphacfte;  3  in  jeffer- 
sonite  and  augite;  2 '5  in  hedenbergite.  Varieties  rirh 
in  iron  afford  a  magnetic  globule  when  fused  on  char- 
coal, and  in  genei-al  the  fusibility  varies  with  tiio 
amount  of  iron.  Many  varieties  give  with  the  fluxes 
reactions  for  manganese.  Most  varieties  are  unat-teti 
upon  bv  acids. 

Dirf. — Characterized  by  monoclinic  crystallization 
and  tlie  prismatic  angle  of  87*  and  93*,  hence  yielding 
nearly  square  prisms;  these  may  be  mistaken  for  sen  po- 
lite if  terminal  faces  are  wanting  or  iniiistiuct  (but 
scapolite  fuses  easily  B.B.  with  intumescence).  The  oblique  parting  (|  c.  Fig.  770)  of  leu 
distinctive,  also  the  common  dull  green  to  gray  nnd  brown  colors.  Amphibole  diffei-s  in 
prismatic  au^le  (55|**  and  124^*')  and  cleavage,  and  in  having  common  columnar  to  i]bn>us 
varieties,  which  are  rare  with  pyroxene.    Bee  also  p.  398. 

The  common  rock-forming  pyroxenes  are  distinguished  in  thin  sections  by  their  h'wih 
relief;  usually  greenish  to  olive  tones  of  color;  distinct  system  of  inter- 
rupted cleavage-cracks  crossing  one  another  at  nearly  right  angles  iu  sections 
J.  ^(Fig.  771);  high  interference-colors;  general  lack  of  pleochroism;  large 
extinclion-angle,  SO**  to  60*and  higher,  for  sections  |  b  (010).  The  last-named 
sections  are  easily  recognize^  by  showing  the  highest  interference- colors; 
yielding  no  optical  figures  iu  convergent  light  and  having  parallel  cleavage- 
cracks,  the  latter  in  the  direction  of  the  vertical  axis.  See  also  8Bgirit<\  p.. 892. 
A  zonal  banding  is  common,  the  successive  laminae  sometinies  differing 
in  extinction-angle  and  pleochroism;  also  the  hour-glass  structure  occasion- 
ally distinct  (Fig.  774,  from  Lacroix). 

Obs.— Pyroxene  is  a  common  mineral  in  crystalline  limestone  and  dolo- 
mite, in  serpentine  and  in  volcanic  rocks;  and  occurs  also,  but  less  abun- 
<iantly,  in  connection  with  granitic  rocks  and  metamorphic  schists;  sometimes 
forms  large  beds  or  veins,  especially  in  Archaean  rocks.  It  occurs  also  in 
meteorites.  The  pyroxene  of  limestone  is  mostly  white  and  light  green  or 
gray  in  color,  falling  under  diapside  (nialacolite,  salite,  coccolite);    that  of  most   other 
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metamorphic  rocks  is  sometimes  white  or  colorless,  but  usually  green  of  differeut  shades,  ' 
from  pale  green  to  greenish  black,  and  occasionally  black;  that  ot  serpentine  is  sometimes 
in  fine  crydiuls.  but  often  of  the  foliated  green  kind  called  diallage;  that  of  erupiive  rocks 
is  usually  the  black  to  greenish-black  augUe. 

In  limestone  the  associations  are  often  amphibole,  scapolite.  yesuvianite,  garnet,  ortho- 
chise,  titanite,  apatite,  phlogopite,  and  sometimes  brown  tourmaline,  chlorite,  talc,  zircon, 
.spinel,  rutile,  eic;  and  in  other  metamorphic  rocks  mostly  the  same.  In  eruptive  rocks  it 
may  be  in  distinct  embedded  crystals^or  in  grains  without  external  crystalline  form;  it 
often  occurs  wiih  similarly  disseminated  chrysolite  (olivine),  crystals  of  orthoclase  (sani- 
dine),  labradorite,  leucite,  etc.;  also  with  a  rhombic  pyroxene,  amphibole,  etc. 

Pyroxene,  as  an  essential  rock-making  mineral,  is  especially  common  in  basic  eruptive 
rocks.  Thus,  as  audte,  with  a  tricHnic  feldspar  (usually  labradorite).  magnetite,  often 
chrysolite,  in  basalt,  basaltic  lavas  and  diabase;  in  andesite;  also  in  trachyte;  in  peridotite 
and  pikrite;  wiih  nephelite  in  phonolite.  Further  with  elssolite,  orthoclase,  etc.,  in 
elsolite-syenite  and  augite-ayenite;  also  as  diallage  in  gabbro;  in  many  peridotites  and  the 
serpeutines  formed  from  them;  as  diopside  (malacolite)  in  crystalline  schists.  In  limbure- 
ite,  augitite  and  pyroxeuite,  pyroxene  is  present  as  the  prominent  constituent,  while  feld- 
spar is  absent;  it  may  also  form  rock  masses  alone  nearly  free  from  associated  minerals. 

Dwpiide  (alalite,  mussite)  occurs  in  fine  crystals  on  the  Mussa  alp  in  the  Ala  valley  in 
Piedmont,  associated  with  garnets  (hessonite)  and  talc  in  veins  traversing  serpentine;  in 
fine  crystals  at  Traversella;  at  Zermatt  in  Switzerland;  Schwarzenstein  in  the  Zillerthal; 
Ober-Siilzbachthal  and  elsewhere  in  Tvrol  and  in  the  Salzburg  Alps;  Reichensteiu;  Rez- 
banya,  Hungary;  Achmatovsk  in  the  Ural  with  almandit«,  clinochlore;  L.  Baikal  (baikalite) 
in  eastern  Siberia;  Pargns  in  Finland;  at  Nordmark,  Sweden. 

Hedenbergite  is  from  Tunaberg.  Sweden;  Arendal,  Norway.  Manganhedenbergite  from 
Yestcr  Silfberg;  JcA^jT^^rtto  fromX&ngban,  Sweden. 

AugiU  (incT.  fassaite)  occurs  on  the  Pesmeda  alp.  Mt.  Monzoni,  and  elsewhere  in  the 
Fassathal,  as  a  contact  formation;  Traversella,  Piedmont;  the  Laacher  See  and  the  Eifel; 
Sasbnch  in  the  Eaiserstuhl;  Vesuvius,  white  rare,  green,  brown,  yellow  to  black;  Frnscati; 
Etna:  the  Azores  and  Cape  Yerde  Islands;  the  Sandwich  Islands,  and  many  other  regions 
of  volcanic  rocks. 

lu  N.  America,  occurs  In  Maine,  at  Raymond  and  Rumford,  diopside,  salite,  etc.  In 
Vernwnit  at  Thetford,  black  augite.  with  chrysolite,  in  bowlders  of  basalt.  In  Conn.,  at 
Canaan,  white  cryst..  often  externally  changed  to  tremolite,  in  dolomite;  also  the  pyrox- 
enic  rock  called  canaanite.  In  JV.  York,  at  Warwick,  fine  cryst.;  in  Westchester  Co., 
white,  at  the  Sing  Sing  quarries;  in  Orange  Co.,  in  Monroe,  at  Two  Ponds,  cryst.,  often 
large,  in  limestone;  near  Greenwood  furnace,  and  also  near  Edenville;  in  Lewis  Co.,  at 
Diana,  white  and  black  cryst.;  in  St.  Lawrence  Co..  at  Fine,  in  large  cryst.;  at  De  Kalb, 
fine  diopside;  nlso  at  (Jouverneur,  RoSsie,  Russell,  Pitcairn;  at  Morinh,  cocoolite.  in  lime- 
stone. In  N.  Jeraey,  Franklin  Furnace,  Sussex  Co.,  good  cryst. ,  eiiao  jefferaonite.  In  Penn,, 
near  Attleboro',  cryst.  and  granular;  in  Pennsbury,  at  Burnett's  quarry,  diopside;  at  the 
French  Creek  mines,  Chester  Co.,  chiefly  altered  to  fibrous  amphibole.  In  Tenneaeee,  at 
the  Ducktown  mines. 

In  Canada,  at  Calumet  I.,  grayish-green  cryst.  In  limestone;  in  Bathurst.  colorless  or 
white  cryst.;  at  Grenville,  dark  green  cryst.,  and  granular;  Burgess.  Lanark  Co.;  Renfrew 
Co.,  with  apatite,  titanite,  etc.;  Orford,  Sherbrooke  Co.,  white  crystals,  also  of  a  chrome* 
£:rcen  color  with  chrome  garnet;  at  Hull  and  Wakefield,  white  crystals  with  nearly  color 
]('S3  garnets,  honev-yellow  vesuvianite,  etc.  At  many  other  points  in  the  Archoean  of 
Quebec  and  Ontario,  especially  in  connection  with  the  apatite  deposits. 

Pyroxene  undergoes  alteration  in  different  ways.  A  change  of  molecular  con- 
stitution without  essential  change  of  composition,  i.e..  by  paramorpJiism  (using  the 
word  rather  broadly),  may  result  in  the  formation  of  some  variety  of  amphibole.  Thus, 
tlie  white  pyroxene  crystals  of  Canaan,  Conn.,  are  often  changed  on  the  exterior  to  tremo- 
lite; similarly  with  other  varieties  at  many  localities.  See  uraliie,  p.  401.  Also  changed 
lo  steatite,  serpentine,  etc. 

AOmrS.    Mqtbxtr, 

Monoclinic.    Axes:  a\t>:6-  1-0996  :  1  :  0-6012;  fi  =  73^  11'. 

Twins:  tw.  pi.  a,  very  common;  crystals  often  poljrsynthetic,  with 
enclosed  twinning  lamellae.  Crystals  long  prismatic,  yertically  striated  or 
channeled;  acute  terminations  very  characteristic. 
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The  above  applies 
776.  776a. 


Acmite.  MgfjMt. 


to  ordinary  aemite.  For  agiriu,  crystals  prismatic,  bluntly  termi- 
nated: I  wins  not  common;  also  in  groups  or  tufts  of  slender 
acicular  to  capillary  crystals,  and  in  fibrous  forms. 

Cleavage:  m  distinct;  h  less  so.  Fracture  uneven. 
Brittle.  H.  =  6-6-5.  G.  =  3-50-3-55  Bgr.  Luster 
vitreous,  inclining  to  resinous.  Streak  pale  yellowish 
gray.  Color  brownish  or  reddish  brown,  green;  in  the 
fracture  blackish  green.  Sub  transparent  to  opaque. 
Optically  — .  Ax.  pi.  \  b.  Bx^  Ai=a  Ai  =  -^'^l 
acmite,  to  6**  aegirite.     /?y  =  1-808;  y  —  a=  0052. 

Var.— Includes  aemits  in  sharp-pointed  crystals  (Fig.  775) 
often  twins.  Bx«  A  ^  =  5i'•-6^  Also  agirite  (Fig.  775<t)  in 
crystals  bluntly  terminated,  twins  rare.  Bx.  A  ^  =  ^°-^". 
Crystals  of  acmiie  oftea  show  a _marked  zonal  structure, 
grten  within  and  brown  on  the  exterior,  particularly  \a,b,p  (101).  « (ill).  The  brown 
portion  (acmite)  is  feebly  pleochroic,  the  green  (aegirite)  strongly  pleochroic.  Both  have 
absorption  a>b>c,  but  the  former  has  a  light  brown  with  tinge  of  green,  6  greenish  yellow 
with  tinge  of  brown,  c  brownish 
yellow;  the  latter  has  a  deep  grass-  776. 

ereen,  b  lighter  grass-green,  c  yel- 
lowish brown  to  yellowish. 

With  some  authors  (vom  Rath, 
etc.)  s  =  (Oin  and  a  A  ^  =  -  2* 
to  -  6%  as  in  Fig.  776a.  Fig.  776 
ahows  the  optical  orientation  ac- 
cordiug  to  BrOgger. 

ni 
Comp.  —  Essentially   NaFe 

(SiO,).orNa,O.Fe.O,-  4SiO,= 
Silica  52*0,  iron  sesquioxide 
34*6,  soda  13*4  =  100.  Ferrous 
iron  is  also  present. 

Pyr.,  etc.— B.B.  fuses  at  2  to  a 
lustrous  black  magnetic  globule, 
coloring  the  flame  deep  yellow  ; 
with  the  fluxes  reacts  for  iron  and  sometimes  mnnganeae.     Slightly  acted  upon  by  ncids. 

Diff.— uEgirite  is  characterized  in  thin  sections  by  its  grass-green  color;  strong  pleo- 
chroism  in  tones  of  green  and  yellow;  the  small  extinction -angle  in  sections  |  b  (010). 
Distinguished  from  common  green  hornblende,  with  which  it  might  be  confounded,  by 
the  fact  that  in  such  sections  the  direction  of  extinction  lying  near  the  cleavage  is  nega- 
tive (a),  while  the  same  direction  in  hornblende  is  positive  (c). 

Ob«. — The  origiivil  acmiie  occurs  at  Rundemyr,  east  of  the  little  lake  called  Rokeberg- 
skjern,  in  the  parish  of  Eker,  near  Eongsberg.  Norway,  in  a  pegmatite  vein;  it  is  in  slen- 
der crystals,  sometimes  a  foot  lone,  embedded  in  feldspar  and  quartz.  • 

ji^irite  occurs  especially  in  igneous  rocks  rich  in  Foda  and  containing  iron  :  tbus  in 
segirite- granite,  nephelite-syenite,  and  some  varieties  of  phonolite ;  often  in  such  cases 
iron-ore  grains  are  wanting  in  the  rock,  their  place  being  taken  by  cegirite  crystals.  Id 
the  sub-variety  of  phonolite  called  tinguaite,  the  rock  has  often  a  deep  greenish  co.'or  due 
to  the  abundance  of  minute  crystals  of  aegirite.  Large  crystals  are  found  in  the  pegmntite 
fiuies  of  nepbelite-syenites  as  in  West  Greenland,  Southern  Norway,  the  peninsula  Kola 
in  Russian  Lapland.  Ditro  in  Trnnsylvania. 

Prominent  American  occurrences  are  the  following:  Magnet  Cove,  Arkansas  (large 
crystals):  Montreal:  Salem,  Mass.;  Liberty ville.  N.  J.  (dike):  Trans  Pecos  district  in 
Texas  (Osnnn);  Black  Hills;  Cripple  Creek,  Colorado;  Bearpaw  Mts.  and  Judith  Mu. 
(Pirsson).  and  the  Crazy  Mts.  (Wolff)  in  Montans. 

Acmite  is  named  from  aK^r^,  paint,  in  allusion  to  the  pointed  extremities  of  the  crystals; 
.dEgirite  is  from  ^gir,  the  Icelandic  god  of  the  sea. 
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p 

Hiddenite. 


Hiddenlte. 


8PODX7MBNII.    Triphane. 

Monoclinic.    Axes:  a\l:i-  1-1238  :  1  :  06355;  fi  =  69°  40'. 

Twins:  tw.  pi.  a.  Crystals  prismatic  {mm'"  =  93*" 0'),  often  flattened  |  a; 
the  vertical  planes  striated  and  furrowed;  crystals  sometimes  very  large. 
Also  massive^  cleavable. 

Cleavage:  m  perfect.  A  lamellar  structure  |  a  sometimes  very  prominent, 
21  crystal   then   separating  into  777  773^  779^ 

liiiu  plates.  Fracture  uneven 
to  subconchoidal.  Brittle.  H. 
=  6  5-7.  G.  =  3-13-3 -20.  Lus- 
ter vitreous,  on  cleavage  sur- 
faces somewhat  pearly.  Color 
greenish  white,  grayish*  white, 
yellowish  green,  emerald-green, 
yellow,  amethystine  purple. 
Streak  white.  Transparent  to 
translucent.  Pleochroism  strong 
ill  deep  green  varieties.  Opti- 
cally +.  Ax.  pi.  II  h.  Bx.  A  ^ 
=  +  26^  Dx.,  =  24°  to  25^  Norwich,  Mass. 
Greim.  Dispersion  p>  v,  hori- 
zontal.    2H^y  =  64°  58V;  /^j  =  1669;  y  —  a  ^  0-016. 

Hiddenite  has  a  yellow- ^reen  to  emerald-green  color;  the  latter  vai:{ety  ia  used  as  a  gem. 
In  small  {\  in.  to  2  inclies  long)  slender  prismatic  crystals,  faces  often  etched. 

Comp — LiAl(SiO,).  or  Li,O.Al,0,.4SiO,  =  Silica  645,  alumina  274,  lithia 
8*4  =  100.  Generally  contains  a  little  sodium;  the  variety  hiddenite  also 
chromium,  to  which  the  color  may  be  due. 

Pyr.,  etc.— B.B.  becomes  white  and  opaque,  swells  up,  imparts  a  purple-red  color 
iHtlkia)  to  the  flame,  and  fuses  at  8*5  to  a  clear  or  white  glass.  The  powdered  mineral. 
fused  with  a  mix  ure  of  potassium  bisulphate  and  fluorite  on  platinum  wire,  gives  a  more 
ioteiise  lithia  reaction.    r(ot  acted  upon  by  acids. 

Diflf  —Characterized  by  its  perfect  orthodiagonal  parting  (in  some  varieties)  as  well  as 
by  prismatic  ch^avage;  has  a  higher  specific  gmvity  and  more  pearly  luster  than  feldspar 
or  scapollte.     Gives  a  red  flame  B.B.     Less  fusible  than  amblygonite. 

Obs.— Occurs  on  the  island  of  Ut5.  Sweden;  at  Eilliney  Bay,  Ireland;  in  small  trans- 
I  arent  crystals  of  a  pale  yellow  in  Brazil,  province  of  Minas  Cterafis. 

In  the  U.  S..  in  granite  at  Goshen,  Mass.;  also  at  Chesterfield,  Chester,  Huntington 
tfnrnierly  Norwich),  and  Sterling,  Mass.;  at  Windham,  Maine,  with  garnet  and  staurolite; 
at  Peru,  with  beryl,  triphylite,  petalile.  In  Conn.,  at  Branchville.  the  crystals  often  of 
iiiniense  size;  near  Stony  Point,  Alexander  Co.,  N.  C.  (hiddenite)-,  in  South  Dakota  at  the 
Ella  tin  mine  in  Pennington  Co. 

The  name  spodumene  is  from  aTtoSio^,  (ish-^olored.  Hiddenite  is  named  for  W.  £. 
Hidden  of  New  York. 

The  spodumene  at  Goshen  and  Chesterfield  is  extensively  altered ;  pseudomorphs  occur 
of  cyniatolite  fan  intimate  mixture  of  albite  and  muscovite  with  wavy  fibrous  structure  and 
silky  luster),  killinite  (pinite),  muscovite,  albite,  quartz,  and  of  **vein  granite."  Similar 
uiteration^roducts  occur  at  Branchville. 

JAI>BITB. 

Monoclinic.  Axes,  see  p.  383.  Cleavage  and  optical  characters  like  pyrox- 
ene. Usually  massive,  with  crystalline  stracture,  sometimes  granular,  also 
obscurely  columnar,  fibrous  foliated  to  closely  compact. 

Cleavage:  prismatic,  at  angles  of  about  93°  and  87°;  also  orthodiagonal, 
difficult.  Fracture  splintery.  Extremely  tough.  H.  =  6-5-7.  G  =  3-33- 
335.     Luster  subvitreous,  pearly  on  surfaces  of  cleavage.     Color  «pple-^een 
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to  nearly  cnierald-green,  bluish  green,  leek-green,  greenish  white,  and  nearly 
white;  sometimes  white  with  spots  of  bright  green.  Optiealij  biaxial,  ue^:- 
ative.  Bxa  A  <J  =  30**  to  40°,  2H,^  =  82**  4b'.  Streak  uncolored.  Trans- 
lucent  to  subtranslucent. 

Comp. — Essentially  a  metasilicate  of  sodium  and  aluminium  correspondin;: 
to  spodumene,  NaAl(SiO,),  or  Na,O.Al,0,.4SiO,  =  Silica  59*4,  alumina  2b% 
soda  15-4  =  100. 

Chloromelaniie  is  a  dark  green  to  nearly  black  kind  of  jadeite  (hence  the  name),  contai:] 
in:^  iruu  sesquioxide  and  not  conforming  exactly  to  the  above  formula. 

*  Pyr.,  etc. — B.B.  fuses  readily  to  a  transparent  blebby  glass.    Not  attacked  by  acids 
after  fusion,  and  thus  difFeriDg  from  saussurite. 

Obs.— -Occurs  chiefly  in  eastern  Asia,  thus  in  the  Mogoung  distr.  in  Upper  Burma,  in  a 
valley  25  miles  southwest  of  Meiukhoom,  in  rolled  masses  in  a  reddish  clay;  in  Yungchang. 
province  of  Yunnan,  southern  China;  in  Thibet.  Much  uncertainty  prevails,  however.  l& 
to  the  exact  localities,  since  iadeite  and  nephrite  have  usually  been  confounded  togeiiier 
May  occur  also  on  the  American  continent,  in  Mexico  and  South  America  ;  perliaps  also  in 
Europe. 

Jtidcite  1ms  lon^  been  highly  prized  in  the  East,  especially  in  China,  where  it  is  work&l 
into  ornaments  ana  utensils  of  great  variety  and  beauty.  It  is  also  found  with  the  relics  of 
early  man,  thus  in  the  remains  of  the  lake-dwellers  of  Switzerland,  at  various  points  in 
France,  in  Mexico,  Greece,  Egypt,  and  Asia  Minor. 

A  pyroxene,  resembling  Jaideite  in  structure  and  consisting  of  the  molecules  of  jadeiie, 
diopside,  and  acmite  in  nearly  equal  proportions,  occurs  at  the  manganese  mines  of  St. 
Marcel.  Italy  (Penfleld). 

Jade  is  a  general  term  used  to  include  various  mineral  substances  of  tough  compact 
texture  and  nearly  white  to  dark  green  color  used  by  early  man  for  utensils  and  omanicuts. 
and  still  highly  valued  in  the  East,  especially  in  China.  It  includes  properly  two  species 
only;  nephrite,  a  variety  of  amphibole  (p.  401),  either  tremolite  or  actiuolite,  witu 
G.  =  2'9&-3'0.  hud  jadeiU,  of  the  pyroxene  group  and  in  composition  a  sOda-spodumene. 
with  G.  =  8-8-3 -35;  easily  fusible. 

The  jade  of  China  belongs  to  both  species,  so  also  that  of  the  Swiss  lake- habitations  and 
of  Mexico.  Of  the  two,  however,  the  former,  nephrite,  is  the  more  common  and  makes  ibe 
jade  (ax  stone  or  Punamu  stone)  of  the  Maoris  of  I^ew  Zealand:  also  found  in  Alaska. 

The  name  jade  is  also  sometimes  loosely  used  to  embrace  other  minerals  of  more  or  less 
similar  characters,  and  which  have  been  or  might  be  similarly  used— thus  sillimanlte,  pee 
tolite,  serpentine;  also  vesuvianite.  garnet.  Bowenite  is  a  jade  like  variety  of  serpeutiDe. 
The  "  jade  tenace  "  of  de  Saussure  is  now  called  saussurite. 


WOLLASTONTTB.    Tabular  Spar.    Tafelspath  Oerm, 
Monoclinic.    Axes  d  :  i  :  <J  =  10531 :  1 :  0-9676;  /3  =  84°  30 


/ 


110  A  110  =  92*'  42'. 
540  A  540  =  79"  58 . 
Oil  A  Oil  =87'5r. 
001  A  101  =  40-  3'. 
001  A  SOl  =  74'  59'. 
001  A  101  =  45**    5'. 

Twins:  tw.pl.  a.  Crvs- 
tals  commonly  tabular  |  ? 
or  c;  also  short  prismatic. 
Usually  cleavable  massive  to  fibrous,  fibers  parallel  or  reticulated;  also  com- 
pact. 

Cleavage:  a  perfect;  also  c;  t  (lOl)  less  so.  Fracture  uneven.  Brittle. 
H.  =  4-5-5.  G.  =  2-8-2 -9.  Luster. vitreous,  on  cleavage  surfaces  pearly. 
Color  white,  inclining  to  grav,  vellow,  red.  or  brown.  Streak  white.  Sub- 
transparent  to  translucent.     Optically  — .     BXa  A  ^  =  +  37*"  40'.     Dispersion 
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p>  V  weak;    inclined  strong.    Ax.  pi.  ]  b.      2E,  =  70°   40';    /3  =  1-633; 
y—a=i  0-014. 

Coup. — Calcium  metasilicate,  CaSiO,  or  CaO.SiO,  =  Silica  51'7,  lime  483, 
=  100. 

Pyr.,  etc. — In  the  matrass  no  change.  B.B.  fuses  easily  on  the  edges;  with  some  soda, 
&  blebby  ghiss;  with  more,  swells  up  and  is  iufusible.  Wilh  hydrochloric  ucid  decom- 
posed with  separation  of  silica;  most  varieties  effervesce  slightly  from  the  presence  of  cal- 
cite.     Often  phosphoresces. 

Obs. — Wollastonite  is  found  especially  in  granular  limestone,  and  in  regions  of  granite, 
as  a  contact  formation;  also  in  ejected  masses  in  connection  with  basalt  and  lavus.  It  is 
often  associated  with  a  lime  garnet,  diopside,  etc. 

Occurs  in  the  copper  mines  of  Cziklowa  in  the  Banat;  at  Orawitza;  at  Dognaczka  and 
Nagyag:  at  Parsas  in  Finland:  at  Harzburg  in  the  Harz;  at  Auerbach,  in  granular  lime- 
stone;  at  Vesuvius,  rarely  in  fine  crystals;  on  Elba;  on  Santorin. 

In  the  U.  S.,  in  If.  York,  at  Willsborough;  Diana.  Lewis  Co.;  Bonaparte  Lake,  Lewis 
Co.  In  Penn.,  Bucks  Co.,  8  m.  w.  of  Attleboro'.  In  Canada,  at  GrenTille;  at  St.  Jer6me 
and  Morin,  Quebec,  with  apatite. 

Named  after  the  English  chemist,  W.  H.  Wollaston  (176^1828). 

PEOTOIJTE. 

Monoclinic.     Axes:  d  :  S  :  <5  =  1-1140  :  1  :  0-9864;  /3  =  84°  40'. 

Commonly  in  close  aggregations  of  acicular  crystals;  elongated  ||  t,  bnt 
rarely  terminated.     Fibrous  massive^  radiated  to  stellate. 

Cleavage:  a  perfect;  c  also  perfect.  Fracture  uneven.  Brittle.  H.  =  5. 
G.  =  2-68-2-78.  Luster  of  the  surface  of  fracture  silky  or  subvitreous.  Color 
whitish  or  grayish.  Subtranslucent  to  opaque.  Optically  +.  Ax.  pi.  and 
Bx^±5;  Bxo  nearly  JL  a;  2Ho  =  143*^-145*. 

Comp.,  Tar.— HNaCa,(SiO,),  or  H,O.Na,0.4Ca0.6SiO,  =  Silica  54*2,  lime 
33-8,  soda  9*3,  water  2-7  =  100. 

Pectolite  is  sometimes  classed  with  the  hydrous  species  allied  to  the  zeolites. 

P3rr..  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  to  a  white  enamel.  De- 
composed in  part  by  hydrochloric  acid  with  separation  of  silica  as  a  jelly.  Often  gives  out 
light  when  broken  in  the  dark. 

Obs.— Occurs  mostly  in  basic  eruptive  rocks,  in  cavities  or  seams:  occasionally  in 
metamorphic  rocks.  Found  in  Scotland  near  Edinburgh;  at  Kilsyth,  Corstorpliine  Hill 
{italkeriU);  I.  Bkye.  Also  at  Mt.  Baldo  and  Mt.  Monzoni  in  the  Tyrol;  at  Niederkirchen, 
Bavaria  (osmelite). 

Occurs  also  at  Bergen  Hill  and  Paterson.  N.  J.;  Lehigh  Co.,  Penu.;  compact  at  Isle 
Roynle,  L.  Superior;  at  Magnet  Cove,  Ark.,  in  elaBolite-syenite  {manganpectolite  with  4  p.  c. 
MnO);  compact,  massive  in  Alaska,  where  used,  like  jade,  for  implements. 

Rosenboschite.     Near  pectolite,  but  contains  zirconium.     From  Norway. 

W0hlerit6.  A  zirconium -silicate  and  niobate  of  Ca,  Na,  etc.  In  prismatic,  tabular 
crystals,  yellow  to  brown.  Occurs  in  elssolite-syenite,  on  several  isknds  of  the  Langesuud 
fiord,  netir  Brevik,  in  Norway. 

Lavenite.  A  complex  zirconiumsilicate  of  Mn,  Ca,  etc.,  conlainine  also  F,  Ti,  T», 
etc.  In  yellow  to  brown  prismatic  crystals.  Found  on  the  island  L&ven  In  the  Langesund 
fiord,  southern  Norway;  also  elsewhere  in  elceolite-syenite. 

y,  Triciinic  Section. 

Triciinic.  Axes  d:i:6=z  107285  :  1  :  0-6213;  a  =  103^  18';  /S  =  108^ 
44';  >^  =  81''39'. 

Crystals  usually  lar^e  and  rough  with  rounded  edges.  Commonly  tabular 
I  c;  sometimes  resembling  pyroxene  in  habit.  Commonly  massive,  cleavable 
to  compact;  also  in  embedded  grains. 
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Cleavage:  m,  if  perfect;  ^  less  perfect.  Fractare  conchoidal  to  nneTen-. 
very  tough  when  compact.  H.  =  5'5-6'5.  G.  =  o'4-3'68.  Luster  vitreous; 
oil  cleavage-surfaces  somewhat  pearly.  Color  light  brownish  red,  flesh-red. 
rose-pink;  sometimes  ^eenish  or  yellowish^  when  impure;  often  black  outside 
from  exposure.     Streak  white.     Transparent  to  translucent. 

Comp.,  Tar. — Manganese  metasilicate,  MnSiO,  or  MnO.SiO,  =  Silica  45*9, 
manganese  protoxide  54*1  =  100.  Iron,  calcium  (in  bustamite),  and  occasion- 
ally  zinc  {in  fowlerite)  replace  part  of  the  manganese. 


782. 


783. 


784. 


Flaoklin  Farnace,  N.  J. 


oft.    100  A  010  =  M'^  26'. 
M,    100  A  001  s  73'  851'. 
be,    010  A  001  =  78'  42^'. 
am,  100  A  110  =  48*  SS'. 


mM,  110  A  liO  =  92-  28,'. 
en,     001  A  221  =  73'  52'. 
45*.     001  A  221  =  62'  28'. 
kn,    221  A  221  =  86'   6'. 


Pyr.,  etc. — B.B.  blackens  and  fuses  with  sliffht  intumescence  at  2*6;  with  the  fluxes 
fives  reactions  for  manganese;  fowlerite  gives  wi&  soda  on  charcoal  a  reaction  for  zinc, 
bligbtly  acted  upon  by  acids.  Tbe  calciierous  yarieties  often  effervesce  from  mechanical 
admixture  of  calcium  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  acid,  and 
tbe  insoluble  part  becomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  some- 
times becomes  nearly  black. 

Diff.— Characterized  by  its  pink  color;  distinct  cleavages;  fusibility  and  manganese 
reactions  B.B. 

Obs. — Occurs  at  LAogban,  Wermland,  Sweden,  in  iron-ore  beds,  in  broad  cleavaire- 
plates,  and  also  granular  massive;  at  the  Pajsberg  iron  mines  near  Fllipstad  (paitdergiu ) 
sometimes  in  small  brilliant  crystals;  in  the  district  of  Ekaterinburg  in  the  Ural  massive 
like  marble,  whence  it  is  obtained  for  ornamental  purposes;  with  tetrabedrite  at  Kapnik 
and  Rezb&nya.  Hungary;  St.  Marcel,  Piedmont;  Mexico  {hustamits,  containing  CaO). 

Occurs  in  Cummington.  Mass. ;  on  Osgood's  farm,  Blue  Hill  Bay,  Maine;  fowlerite  (con- 
taining ZuO)  at  Mine  Uill,  Franklin  Furnace,  and  Sterling  Hill,  near  Ogdensburgh,  N.  J., 
usually  embedded  in  calcite  and  sometimes  in  fine  crystals. 

Named  from  pod  or,  a  rose,  in  allusion  to  the  color. 

liliodonito  is  often  altered  chiefly  by  oxidation  of  the  MnO  ^as  in  mareettne,  dp^niu  ; 
also  by  hydration  {stratopeite,  neotocUe,  etc.);  further  by  introauction  of  COs  {aUuijik, 
photicite,  etc.). 

Bablngtonite.  (Ca,Fe,Mn)SiO,  with  Fe,(SiOi)t.  In  small  black  triclinic  crystals,  nenr 
rhodonite  in  angle  (axes  on  p.  388).  H.  =  5-5-6.  G.  =  3-85-8-87.  From  Arendal,  ^Cr- 
wMv;  Ht  nerboruseelbach,  Nassau;  at  Baveuo,  Italy. 

Riortdahlite.  Essentially  (Nai.Ca)! Si. Zr)0«,  with  also  fluorine.  In  pale  yellow  tab- 
ular crystals  (triclinic).  Occurs  sparingly  on  an  island  in  the  Langesund  fiord,  southera 
Norway. 
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3.  Ampliibole  Group. 

Orthorhombic,  Monoclinic,  Triclinic. 

Composition  for  the  most  part  that  of  a  metasilicate^  BSiO,^  with  B  = 
Ca,Mg,Fe  chiefly,  also  Mn,Na,(Kj),Hf  Further  often  containing  aluminium 
and  ferric  iron,  inpart  with  alkalies  as  NaAl(SiO  J,  or  NaFe(SiO,), ;  perhaps 

also  containing  BB^SiO,.    . 

CL  Orthorhombic  Sedionm 

ill 
Anthophyllite  (Mg,Fe)SiO,  0-5138 : 1 

Gedbitb  (Mg,Fe)SiO,  with  (Mg,Fe)Al,SiO, 

fi.  Monodinie  Section. 

ailii  6 

Amphibole  0*5511  : 1  :  0*2938        73^  58' 

I.  NoNALUUmOUB  VASIETISa. 

1.  Tremolitb  jDaMg,(SiO,)^ 

2.  AcTiNOLiTB  Ca{Mg;l*e),(SiO,)^ 

Nephrite,  Asbestns,  Smaragdite,  etc. 
Cummingtonite       (Fe,  Mg)SiO, 
Dannemorite  (Fe,Mn,Mg)SiO, 

Qrunerite  FeSiO, 

3.  BiCHTERiTB  (K„Na,Mg,Ca,Mn),(SiO,), 

II.  Aluminous  VABnauBsu 

4.  HOBKBLBKDB 

^tr^lt^  .n^  I  Chiefly  Ca(Mg,Fe),(SiO.),  with 

SS?£?nblende]  ^-.A  W  •(Mg,Fe).(Al,Fe).Si.O.. 

Glancophane  NaAl(SiO,)..(Fe,Mg)SiO, 

A  :d:6  p 

Sicbeckite  2NaFe(SiO,),.FeSiO, 0*5476  :  1  :  02925  =  76°  \9 

CrocidoUte  NaFe(SiO,),.FeSiO, 

AHvedsonite  Na,(Ca,Mg).(Fe,Mn),,(Al,Fe).Si.,0„ 

0*5509  :  1  :  0-2378  =  73**    V 

r-  Triclinic  Section. 

JEnigmatite. 

The  only  species  included  under  the  triclinic  section  is  the  rare  and  im- 
perfectly known  aenigmatite  (cossyrite). 

The  Amphibole  Group  embraces  a  number  of  species  which,  while  falling 
ill  different  systems,  are  yet  closely  related  in  form — as  shown  in  the  common 
prijimatic  cleavage  of  54*^  to  56° — also  in  optical  characters  and  chemical  com- 
position. As  already  noted  (see  p.  383),  the  species  of  this  group  form  chem- 
icully  a  series  parallel  to  that  of  the  closely  allied  Pyroxene  Group,  and  between 
them  there  is  a  close  relationship  in  crystalline  form  and  other  characters. 
Ihe  Amphibole  Group,  however,  is  less  fully  developed,  including  fewer 
fipecies,  and  those  known  show  less  variety  in  form. 
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The  chief  dutinetiom  between  pyroxene  and  amphiboie  proper  are  the  following  : 

Prismatic  angle  with  pyroxene  87**  and  98**;  with  amphiboie  56"*  and  124°;  the  prism&tic 
cleavage  being  much  more  distinct  in  the  latter 

With  pyroxene,  crystals  usually  short  prismatic  and  often  complex,  structure  of  nui<.s:Te 
kinds  mostly  lamellar  or  granular  ;  with  amphiboie,  crystals  chieijy  long  prisuiuiic  aLu 
simple,  columnar  and  fibrous  massive  kinds  the  rule. 

The  specific  nuvity  of  most  of  the  pyroxene  varieties  is  higher  than  of  the  like  ^'nrit-:  >> 
of  amphiboie.  In  composition  of  correspondiuff  kinds,  magnesium  is  present  inluiirr 
amount  in  amphiboie  (Oa  :  Mg  =  1:1  in  diopside,  =  1  :  8  in  tremoHte) ;  alkalies  uwr 
frequently  play  a  prominent  part  in  amphilK)le. 

The  optical  relations  of  the  prominent  members  of  the  group,  as  regap.^ 
the  position  of  the  ether-axes,  is  exhibited  by  the  following  figures  (Cros>i; 
compare  Fig.  751,  p.  384,  for  a  similar  representation  for  tne  correspondiDg 
members  of  the  pyroxene  group. 

786. 

L  n.  m.  IV.  V.  VI 


L  Anthophyllite. 


II.  Glaucophane. 
V.  Arfvedsonite. 


III.  TremoHte,  etc. 
VI.  Riebeckite. 


rV.  Hornblende. 


a,  OHhorhomhic  Section* 


Orthorhombic.  Axial  ratio  df :  5  =  0*5 137  :  1.  Crystals  rare,  habit  pris 
matic  {mm'"  =  64°  23).  Commonly  lamellar,  or  fibrous  massive;  fibers  oftei 
very  slender;  in  aggregations  of  prisms.  ' 

Cleavage:  prismatic, perfect;  ^less  so;  a  sometimes  distinct.  H.  =  5  5-6 
G.  =  3-l-3'2.  Luster  vitreous,  somewhat  pearly  on  the  cleavage -face.  Coli 
brownish  gray,  yellowish  brown,  clove-brown,  brownish  green,  emerald -grct 
sometimes  metalloidal.  Streak  uncolored  or  grayish.  Transparent  to  eu 
translucent.  Sometimes  pleochroic.  Usually  optically  -f  ;  also  +  for  nti 
—  for  yellow,  green.  Ax.  pi.  always  |  h,  Bx^  usually  X  c\  also  JL  c  for  red,  1  < 
for  yellow,  green.    Axial  angle  large,     ft  =  1*642  ;  ;/  —  a  =  0  024. 

Comp.,  var. — (Mg,Fe)Si03,  corresponding  to  enstatite-bronzite-hyperEtLtn 
in  the  pyroxene  group.  Aluminium  is  sometimes  present  in  coiisideniMt 
amount.  There  is  the  same  relation  in  optical  character  between  anthopby! 
lite  (+)  and  gedrite  (—)  as  between  enstatite  and  hypersthene  (cf.  Figs.  Too, 
754,  p.  385). 

Var.— Anthophyllite,  Mg  :  Pe  =  4 :  1,  8 :  1.  etc.  For  8:1,  the  percentage  competi- 
tion is :  Silica  55*6,  iron  protoxide  16*6,  magnesia  27 '8  =  100.  Anthophyllite  some- 
times occurs  in  forms  resembling  asbestus. 

Aluminous,  Gedrite.  Iron  is  present  in  larger  amount,  and  also  aluminium;  it  hence 
corresponds  nearly  to  a  hypersthene,  snme  varieties  of  which  are  highly  aluminous. 

Bydraus  anthophplliies  have  been  repeatedly  described,  but  in  most  cases  they  have  been 
shown  to  be  hydmted  monoclinic  amphiboles. 

Pyr,  etc.— 6.B.  fuses  with  difficulty  to  a  black  magnetic  enamel ;  with  the  fluxes  gite^ 
reactions  for  iron ;  unacted  upon  by  acids. 

ObB — Anthophyllite  o  ccurs  in  mica  schist  near  Kongsberg  in  Norway;  at  Herman 
aching,  Moravia.    In  the  U.  S.,  at  the  Jenks  corundum  mine,  Franklin.  Mncon  Co..  N.  C. 
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The  original  gedrite  is  from  the  valley  of  H6ns,  near  G^dres,  France.    Named  from  anilio^ 
phyllum,  clove,  in  allusion  to  the  clove-brown  color. 

p.  Manaclinic  Section. 
AMPHTBOLE.        Hornblende. 
Monoclinic.    Axes  i:h:i-  0'5511 : 1  :  0-2938;  /3  =  73^  58'. 
mm"\  110  A  110  =  56*  49'.  rr".  Oil  a  Oil  =  81'  82'. 

ea,        001  A  100  =  IS""  68'.  »,    081  A  08l  =  80°  82'. 

cp,        001  A  iOl  =  Sr  y.  pr,  101  A  Oil  =  84°  25'. 

Twins:  (1)  tw.  pi.  a,  common  ^  contact- twins;  rarely  polysynthetic.  (2) 
c,  as  tw.  lamellse,  occasionally  producing  a  parting  analogous  to  that  more 
common  with  pyroxene  (Fig.  430,  p.  131).  Crystals  commonly  prismatic; 
usually  terminated  by  the  low  clinodome,  r  (Oil),  sometimes  by  r  and  ;;  (101) 
equally  developed  and  then  suggesting  rhombohedral  forms  (as  of  tourmaline). 
786.  788.  789.  790. 


4^ 


787. 


E^ 


w 


Also  columnar  or  fibrous,  coarse  or  fine,  fibers  often  like  flax;  rarely  lamellar; 
also  granular  massive,  coarse  or  fine,  and  usually  strongly  coherent,  but  some- 
times friable. 

Cleavage:  m  highly  perfect;  a,  b  sometimes  distinct.  Fracture  subcon* 
choidal,  uneven.  Brittle.  H.  =  5-6.  G.  =  2'9-3'4,  varying  with  the  com- 
position. Luster  vitreo*is  to  pearly  on  cleavage-faces;  fibrous  varieties  often- 
silky.  Color  between  black  and  white,  through  various  shades  of  green,  inclin- 
ing to  blackish  green;  also  dark  brown;  rarely  yellow,  pink,  rose-red.  Streak 
'uncolored,  or  p^er  than  color.  Sometimes  nearly  transparent;  usually  sub- 
tranalucent  to  opaque. 

Pleochroism  strongly  marked  in  all  the  deeply  colored  varieties,  as  described 
beyond.  Absorption  usually  c  >  b  >  a.  Optically  — ,  rarely  +.  Ax.  pi.  ||  b. 
Extinction-angle  on  b^oT  c  A  i  =  +  15°  to  18°  in  most  cases,  but  varying  from 
about  1°  up  to  37°;  hence  also  Bx^  A  ^  =  -  75°  to  -  72°,  etc.  See  Fig. 
791.     Dispersion  p  <  v.     Axial  angles  variable;  see  beyond. 

€omp..  Tar. — In  part  a  normal  metasilicate  of  calcium  and  magnesium, 
R-SiOs,  usually  with  iron,  also  manganese,  and  thus  in  general  analogous  to  the 
pyroxenes.  The  alkali  metals,  sodium  and  potassium,  also  present,  and  more 
commonly  so  than  with  pyroxene.  In  part  also  aluminous,  corresponding  to 
the  aluminous  pyroxenes.  Titanium  sometimes  is  present  and  also  rarely 
fluorine  in  small  amount. 

The  aluminium  is  in  part  present  as  NaAKSiOs)!,  but  many  ampbiboles  Cf^ntainins: 
aluminium  or  ferric  iron  are  more  basic  than  a  normal  metasilicate;  they  may  sometimes  he 

n         m 
explained  as  containing  R(A1,Fe)sSiOa,  but  the  exact  nature  of  the  compound  is  oftca 
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doubtful.  The  amphibole  fonnulas  are  in  many  cases  double  the  correspoodiug  ones  for 
pyroxene.  ITius,  for  most  tremolite  and  actinolite,  Ca :  Mg(Fe)  =  1:8,  and  lieuce  iremo- 
lite  is  CaMgtSi^O,.,  while  diopside  is  CaMg8i.O.,  etc. 

Rammelsberg  has  fihAwn  that  the  composition  of  most  aluminous  amphiboles  may  be 
expressed  in  the  general  form  mRSiOt.nAltOa;  while  Scharizer,  modifying  this  view, 
proposes  to  regard  the  amphiboles  as  molecular  compounds  of  Ca(Mg,Fe)sSi«Oii  (actino- 

lite),  and  the  orthosilicate  (Rt,R)<R«SitOit,  for  which  he  uses  Breithaupt's  name  ijfntag. 
matite,  originally  given  to  the  Yesuvian  hornblende. 

791.  791a. 
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The  crvstallographic  position  here  adopted  is  that  suggested  by  Tschermalc,  which  best 
exhibits  the  relation  between  amphibole  and  pyroxene.  Some  authors  retain  the  former 
position,  according  to  which  p  =  (001),  r  =  (111),  etc.  Fig.  791a  shows  the  correspondLDg 
optical  orientation. 

I.  Containing  little  or  no  Aluminium. 

1.  Tbemolite.  Grammatite,  nephrite  pt.  Calcium-magnesium  amphihoh. 
Formula  CaMg,(SiO  J,  =  Silica  57-7,  magnesia  28*9,  lime  13'4  =  100.  Ferrous 
iron,  replacing  the  magnesium,  present  only  sparingly,  up  to  3  p.  c.  Colors 
white  to  dark  gray.  In  distinct  crystals,  either  long*bladed  or  short  and  stout. 
In  aggre^tes  long  and  thin  columnar,  or  fibrous;  also  compact  granular  mas- 
sive (nephrite,  p.  401).  G.  =  2'9-3*l.  Sometimes  transparent  and  colorless. 
Optically  — .  Extinction-angle  on  J,  or  c  A  ^  =  +  16*^  to  IS**,  hence  Bx.  A  i 
=  -  74*  to  -  72°.     2Vy  =  80°  to  88°.     /3j  =  1621 ;  y  -  a  =  0  027. 

Tremolite  was  named  by  Pini  from  the  Tremola  valley  on  the  south  side  of  the  St 

Gothard. 

I        2.  AcTiNOLiTB.    Strahlstein  Germ.     Calcium-magnesium-iron  amphibole. 

]j  Formula  Ca(Mg,Fe),(SiO.),.  Color  bright  green  and  grayish  green.  In  crystals, 
either  short-  or  long-bladed,  as  in  tremolite;  columnar  or  fibrous;  grinular 
massive.  G.  =  3-3*2.  Sometimes  transparent.  The  variety  in  long  bright- 
green  crystals  is  called  glassy  actinolite;  the  crystals  break  easily  across  tlie 
prism.  The  fibrous  and  radiated  kinds  are  often  called  ashestiform  actinolif*^ 
mid  radiated  actinolite.  Actinolite  owes  its  green  color  to  the  ferrous  iron 
present. 

Pleochroism  distinct,  increasing  as  the  amount  of  iron  increases,  and  hence 
the  color  becomes  darker:  c  emerald-^een,  b  yellow-green,  a  greenisli  yellow. 
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Absorption  c  >  b  >  0  Zillerthal,  Tscbermak.  Optically  — .  Extiuction-aiigle 
on  ^,  c  A  <5  =  +  15°  and  Bx.  A  <!  =  -  75^  2Vy  =  80";  P<v;  pj  =  1-627; 
y  -  a  =  0025. 

Nuined  actinoliie  from  dtcriv,  a  raff,  and  XiBoi,  stons^  a  traoslatiou  of  the  Germun 
i^irahLsUin  or  radiated  stone.    Name  chauged  to  acHnote  by  Haftv,  without  reason. 

Nephrite.  Jude  pt.  A  tough,  compact,  flue^j^rained  tremollte  (or  actioolite),  breaking 
wiih  n  spHutery  fracture  and  glistening  luster.  H.  =  6-6  5.  G.  =  2-96-8'l.  Named  from 
a  supposed  efficacy  in  diseases  of  the  kidney,  from  r€0p6s,  kidney.  It  varies  in  color  from 
wi  iie  ^tremolite)  to  dark  green  (actinolite),  in  the  latter  iron  protoxide  beine  present  up  to 
6  or  7  p.  c.  The  latter  kind  sometimes  encloses  distinct  prismatic  crystals  of  actinoiitc.  A 
derivation  from  an  original  pyrozenic  mineral  has  been  suggested  in  some  cases.  Nephrite 
ur  jade  was  brought  iu  the  form  of  carved  ornaments  from  Mexico  or  Peru  soon  after  tlie 
discovery  of  America.  A  similar  stone  comes  from  Eastern  Asia,  New  Zealand  and  Alaska 
See  jadeite,  p.  398;  jude,  p.  894. 

AfiBEBTcs.  Asbestos.  Asbest  Oenn.  Tremolite,  actinolite,  and  otber  varieties  of 
amphibole,  excepting  those  containing  much  alumina,  pass  into  fibrous  varieties,  the  fibers 
of  which  are  sometimes  very  long,  fine,  flexible,  and  easily  separable  by  tlie  fingers,  and 
look  like  fltix.  These  kinds  are  called  aebettus  (fr.  the  Greek  for  incomhuetible),  Tbe  colors 
vary  from  white  to  green  and  wood-brown.  The  name  amianthue  is  applied  usually  to  the 
tjner  and  more  silky  kinds.  Much  that  is  popularly  called  asbestus  is  diryeoUle,  or  fibrous 
serpeuJiue.  containing  12  to  14  p.  c.  of  water.    ByuoliU  is  a  stiff  fibrous  variety. 

Mountain  leather  is  in  thin  flexible  sheets,  made  of  interlaced  fibers;  and  mountain  cork 
the  same  in  thicker  pieces;  both  are  so  light  as  to  float  on  water,  and  they  are  often  hydrous, 
color  white  to  gray  or  yellowish.  Mountain  wood  is  compact  fibrous,  and  gray  to  brown  in 
color,  looking  a  little  like  drv  wood. 

Smaragdite.  a  thin-foliated  variety  of  amphibole,  near  actinolite  in  composition  but 
carrying  some  alumina.  It  has  a  light  grass-green  color,  resembling  much.comn  on  gieen 
diallage.  In  many  cases  derived  from  pyroxene  (diallage)  by  uralitization,  see  below.  It 
retains  much  of  the  structure  of  the  diallage  and  also  often  encloses  remnants  of  the  original 
mineral.  It  forms,  along  with  whitish  or  ereenish  saussurite,  a  rock  called  saussurite- 
gabbro.  the  euphotide  of  /he  Alps.  The  original  mineral  is  from  Corsica,  and  the  rock  is 
the  verde  di  Cornea  duro  ot  the  arts. 

Uralite.  Pyroxene  altered  to  amphibole.  The  crystals,  when  distinct,  retain  the 
form  of  the  original  mineral,  but  have  the  cleavage  of  amphibole.  The  change  usually 
commences  on  the  surface,  transforming  the  outer  layer  into  an  aggregation  of  slender 
amphibole  prisms,  parallel  in  position  to  each  other  and  to  the  piirent  pyroxene  (cf.  Fig. 
760,  p.  886).  When  the  change  is  complete  the  entire  cirstal  is  made  up  of  a  bundle  of 
amphibole  needles  or  fibers.  The  color  varies  from  white  (tremolite)  to  pale  or  deep  green, 
the  latter  the  more  common.  In  composition  uralite  appears  to  conform  nearly  to  actiuolite, 
as  also  ill  optical  characters.  The  most  prominent  change  In  composition  in  passing  from 
the  original  pyroxene  is  that  corresponding  to  the  difference  existing  between  the  two  species 
in  general,  that  is.  an  increase  in  the  magnesium  and  decrease  in  calcium.  The  change, 
therefore,  is  not  strictly  a  case  of  paramorphism,  Although  usually  so  designated.  Uranle 
was  originally  describea  by  Rose  in  a  rock  from  the  Ural.  It  has  since  been  observed  from 
many  localities.  The  microscopic  study  of  rocks  has  shown  the  process  of  "  uralitization  " 
to  be  very  common,  and  some  authors  regard  many  hornblendic  rocks  and  schists  to  repre- 
sent altered  pyroxenic  rocks  on  a  large  scale. 

OuMMiwGTONiTE.  Amphibole- Authophyllite.  Iron  -  Magnesium  Amphibole.  Here 
belong  certain  varieties  of  amphibole  resembling  anthophyllite  and  essentially  identical  with 
it  in  composition,  but  optically  monocliiiic.  From  Kongsberg;  Greenland.  The  original 
cummingtoniie  is  gray  to  brown  in  color;  usually  fibrous  or  fibro-lamellar,  often  radiated. 
G.  —  3'l-8-82;  from  Cummington,  Mass. 

DANincMORiTB.  Iron- Manganese  Amphibole.  Color  yellowish  brown  to  greenish  gray. 
Tohimnar  or  fibrous,  like  tremolite  and  asbestus.  Contains  iron  and  manganese.  From 
Sweden. 

GrCnertte.  Iron- Amphibole.  Asbestiform  or  lamellar-fibrous.  Luster  silky;  color 
brown;  G.  =  8-718.     Formula  FeSiO.. 

•    3.  RiCHTBRiTB.    Soditim-Magnesiurn'Manganese  Amphibole,    (K»,Na„Mg, 
Ca,Mn),(SiO.).. 

In  elongated  crystals,  seldom  terminated,  G.  =  8-09.  Color  brown,  yellow,  rose  red. 
Trnnsparent  to  translucent,  c  A  ^  =  +  ir-20°;  fiy  =  1*68;  y  -  ex  =  0*024.  From  Pnjs- 
berir  and  L&ngban,  Sweden.  Characterized  by  the  presence  of  manganese  and  alkalies  in 
relatively  large  amount. 
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BreUlakiU  occurs  in  wool-like  forms  at  Vesuvius  and  Cnpo  di  Bove.  Color  dark  bruwn 
to  black,  pleochroism  strongly  marked.    Ivferred  to  belong  near  richterlte. 

II.  Aluminous. 

4.  Alukinous  Amphibolb.  Hornblende.  Contains  alumina  or  ferri? 
iron,  and  usually  both,  with  ferrous  iron  (sometimes  manganese),  magnesiun:. 
calcium,  and  alkalies.  The  kinds  here  included  range  from  the  light-colort  i 
edenite,  containing  but  little  iron,  through  the  light  to  dark  green  pargasit', 
to  the  dark-colored  or  black  hornhlendey  the  color  growing  darker  with  incrt^a<t 
in  amount  of  iron.  Extinction-angle  yariable,  from  0"  to  37%  see  belusr. 
Pleochroidm  strong.     Absorption  usually  c  <  b  <  0. 

Edbnite.  AluminouB  Magnesiutn-CcUeium  Amphibole,  Color  white  to  gray  and  pie 
green,  and  also  colorless;  Q.  =  8'0-8'059.  Resembles  antbophyllite  and  tremolite.  Nunir.i 
from  the  locality  at  Edenville,  N.  Y.  To  this  variety  belong  various  pale-colored  ainilii 
boles,  having  less  than  5  p.  c.  of  iron  oxides. 

Kokiharoviie  is  a  variety  from  the  neighborhood  of  L.  Baikal  named  after  the  Russia q 
mineralogist,  N.  von  Eoksharov. 

CoicicoN  Hornblende,  Pargasitb.  Colors  bright  or  dark  green,  and  bluish  green  ?•> 
grayish  black  and  black.  0.  =  8*05-8*47.  Purgasite  is  usually  made  to  include  g^reen  und 
bluish-green  kinds,  occurring  in  stout  lustrous  crystals,  or  granular;  and  G(wimon  hor.K- 
blende  the  greenish- black  and  black  kinds,  whether  in  stout  crystals  or  1ong-bla<)eii. 
columnar,  fibrous,  or  massive  granular.  But  no  line  can  be  drawn  between  them.  T^e 
extinction-angle  on  ft,  or  c  a  ^  =  4*  15'  to  25'  chiefly.    Absorption  c>  b  >  a. 

Pargaeite  occurs  at  Pargas,  Finland,  in  -bluish -rreen  and  grayish-black  crystals,  c  *  r 
rr  -}-  18";  P  =  1*64;  y  ^az=  0*019;  2V  =  59*.  Pleochroism:  c  greenish  blue;  b  emerald- 
green;  a  grn.  yellow. 

The  dark  brown  to  black  harnblendee  from  basaltic  and  other  igneous  rocks  vary  some- 
what widely  in  optical  characters.  The  angle  c  a  ^  =  0*  to  4- 10*  chiefly;  fi  =  1-725;  y  - 
a  =  0  072  (maximum).     Pleochroism:  c  brown,  b  yellow,  a  vw.  'green,  but  variable. 

The  Katafariie  of  Norway  (BrOgger)  has  c  a  ^  =  80*  to  w)';  absorption  b  >  c>  a;  pleo 
chroism:  c  yellow,  b  violet,  a  yw.  brown;  it  approximates  toward  arfvedsonite  (p.  405). 

Kupfferite,  from  a  graphite  mine  in  the  Tunkinsk  Mts.,  near  L.  Baikal,  is  a  deep  gre^D 
amphibole  (aluminous)  formerly  referred  to  anthophyllite. 
Syntagmatite  is  the  black  hornblende  of  Vesuvius. 

Bergamcukiie  is  an  iron-amphibole  containing  almost  no  magnesia.  From  Monte  Altir.o. 
Province  of  Bergamo,  Italy. 

Kaereutite  is  a  titaniferous  amphibole  from  Eaersut,  XJmanaks  fiord.  North  Greenland 
Bdgtingnte  is  an  amphibole  low  in  silica  and  high  in  iron  and  soda,  from  the  nephelite- 
syenite  of  Dungannon,  Uastings  Co.,  Ontario. 

Pyr.— Essentially  the  same  as  for  the  corresponding  varieties  of  pyroxene,  sec  p.  390. 

Difif.— Distinguished  from  pyroxene  (and  tourmaline)  by  its  distinct  prismatic  deavnsre. 

yielding  angles  of  56*  and  124''.    Fibrous  and  columnar  forms  are  much  more  common  thun 

with  pyroxene,  lamellar  and  foliated  forms  rare  (see  also  pp.  890,  898).    Crystals  often  lon^. 

IJ92  slender,  or  bladed.     Differs  from  the  fibrous  zeolites  - 

not  gelatinizing  with  acids.    Epidote  has  a  pecuH  r 

green  color,  is  more  fusible,  and  shows  a  diilertn; 

cleavage. 

In  rock  sections  amphibole  generally  shows  distir^t 
colors,  green,  sometimes  olive  or  brown,  and  is  stronijly 
pleochroic.  Also  recognized  by  its  high  relief  ;  p  •  • 
erally  mther  high  interference-colors;  by  the  ver>' V  r- 
fect  system  of  cleavage-cracks  crossing  at  angles  of  ->^'' 
and  124*  in  sections  i  h  (Fig.  792).  In  sections  |  h  iOl<i 
^recognized  by  yielding  no  axial  figure  in  convergent  liglit,  by  showing  the  highest  init  :- 
ference. colors,  and  by  having  parallel  cleavage-cracks,  |  h),  the  extinction-direction  f  " 
common  hornblendes  makes  a  small  angle  (12*-15'')  with  the  cleavage-cracks  (».«.,  with  ^  . 
further,  this  direction  is  positive  c  (different  from  common  pyroxene  and  asgirite.  cf.  Fis^ 
772  and  770). 

Obs.— Amphibole  occurs  in  many  crystalline  limestones,  and  granitic  and  sch's'  -e 
rocks,  and  sparingly  in  volcanic  rocks.     Tremolite,  the  magnesia-lime  variety,  is  especi  .1  > 
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comniou  id  HmestOQes,  particularly  magnesiuu  or  dolomitic;  actinolite  (also  nephrite),  the 
mugoesia  lime-iroD  variety,  iu  steatitic  rocks  aud  with  serpeuiine;  and  dark  greeu  and 
bluck  hornblende,  Iq  chlorite  schist,  mica  schist,  gneiss,  aud  iu  various  other  rocks  of 
which  it  forms  a  ooustitueutpart;  brown  to  black  horublende  occurs  iu  trachyte  aud  other 
eruptive  rocks.     Asbestus  is  often  found  in  connection  with  serpeuiine. 

Bornbietide-rock,  or  ampJitbolite,  consists  of  massive  hornbleude  of  a  dark  greenish  black 
or  black  color,  and  has  a  granular  texture.  Occasionally  the  green  hornblende,  or  actino- 
lite, occurs  in  rock-masses,  as  at  Bt.  Francis,  in  Canada.  Harnblende-echUt  has  the  same 
com  position  us  amphlbolite,  but  is  schistose  or  slaty  in  structure.  It  often  contains  a  little 
feUlspar.  In  some  varieties  of  it  the  hornblende  is  in  part  in  minute  needles.  Granite  and 
syeuite  often  contain  hornblende,  and  with  diorite  It  is  a  common  constituent.  This  is 
ulso  true  of  the  corresponding  forms  of  gneiss.  In  these  cases  it  is  usually  present  in  small, 
irregular  masses,  often  fibrous  in  structure ;  also  as  rough  bladed  crystals. 

Prominent  foreign  localities  of  amphibole  are  the  following:  Tremolite  (grammatite) 
in  dolomite  at  Campolongo,  Switzerland;  also  at  Orawitza,  Rezb&nya,  Hungary;  GulsjO» 
Wermland,  Swedeu.  Aetinolite  in  the  crystalline  schists  of  the  Central  and  Eastern  Alps, 
especially  at  Greiuer  iu  the  Zillerthal;  at  ZOblitz  in  Saxony;  Arendal,  Norway.  Asbeetus  at 
Sierzing,  Zillerthal,  and  elsewhere  in  Tyrol;  in  Savov;  also  in  the  island  of  Corsica.  Par- 
gnnU  at  Pnrgas,  Finland:  Saualpe  in  Carinthia.  Momblende  at  Arendal  and  Eoncsberg, 
Norway;  in  Sweden  and  Finland;  at  Vesuvius;  Aussig  and  Teplitz,  Bohemia;etc.  ifephriie, 
^hich  in  the  form  of  "  Jade  **  ornaments  and  utensils  is  widely  distributed  among  the  relics 
of  early  man  (see  jade,  p.  894),  is  obtained  at  various  points  in  Central  Asia.  The  most 
important  source  is  thiit  in  the  Karakash  valley  In  the  Eluen  Lun  Mts.  on  the  southern  bor- 
ders of  Turkestan;  also  other  localities  in  Central  Asia.  In  New  Zealand.  Nephrite  has 
been  found  in  Europe  as  a  rolled  mass  at  Schwemmsal  aear  Leipzig;  in  Swiss  Lake  babita- 
tiuos  and  similarly  elsewhere. 

In  the  United  States,  in  Mains,  black  crvstals  occur  at  Thomaston;  pareasite  at  Phipps- 
burg.  In  Vermont,  actinolite  in  tjie  steatite  quarries  of  Windham  and  New  Fane.  In 
Mius.,  tremolite  at  Lee;  black  crystals  at  Chester;  asbestus  at  Pel  ham;  eummingUmiie  at 
Cummington.  In  Conn.,  in  large  flattened  white  crystals  and  in  bladed  and  fibrous  forms 
(tremolite)  in  dolomite,  at  Canaan.  In  N.  York  Warwick,  Orange  Co.;  near  Edenville; 
Dear  Amity;  at  the  Stirliag  mines,  Orange  Co. ;  in  short  green  crystals  at  Gouvemeur,  St. 
Lawrence  Co  ;  with  pyroxene  at  Russell:  a  black  variety  at  Pierrepont;  at  Macomb;  Pit- 
cuirn;  tremolite  at  Fine;  in  Rossie,  2  m.  N.  of  Oxbow;  in  large  white  crystals  at  Diana, 
Lewis  Co.;  asbestus  near  Greenwood  Furnace.  In  N.  Jersey,  tremolite  or  gray  amphibole 
iu  good  crystals  at  Bryam,  and  other  varieties  of  the  species  at  Franklin  and  Newton,  radi- 
att'd  actinolite.  In  Penn.,  actinolite  at  Mineral  Hill,  in  Delaware  Co.:  at  Unionville;  at 
Eennett,  Chester  Co.  In  Maryland,  nctinolite  and  nsbestusat  the  Bare  Hills  in  serpentine; 
dsbestus  is  mined  at  Pvlesville,  Hnrford  Co.  In  Virginia,  actinolite  at  Willis's  Mt.,  in 
Buckingham  Co. ;  asbestus  at  Barnet's  Mills,  Fauquier  Co.     Nephrite  occurs  in  Alaska. 

In  Canada,  tremolite  is  abundant  in  the  Laurentian  limestones,  at  Calumet  Falls,  Litch- 
field. Pontiac  Co.,  Quebec;  also  at  Blythfield,  Renfrew  Co.,  and  Dalhousie,  Lanark  Co. 
Biack  hornblende  at  various  localities  in  Quebec  and  Ontario  with  pyroxene,  apatite, 
ituniie,  etc.,  as  in  Renfrew  Co.  Afll)estus  and  mountain  cork  at  Buckingham,  Ottawa  Co., 
Quebec;  a  bed  of  actinolite  at  St.  Francis,  Beauce  Co.,  Quebec;  nephrite  has  been  found 
Q  British  Columbia  and  Northwest  Ten-itory. 

IlLAITOOPHANB. 

Monoclinic;  near  amphibole  in  form.  Crystals  prismatic  in  habit,  usually 
ndistinct;  commonly  massive,  fibrous,  or  columnar  to  granular. 

Cleavage :  m  perfect.  Fracture  conchoidal  to  uneven.  Brittle.  H.  =:  6-6*5. 
5.  =  3-103-3-113.  Luster  vitreous  to  pearly.  Color  azure-blue,  lavender-blue, 
)luish  black,  grayish.  Streak  grayish  blue.  Translucent.  PJeochroism 
tron.^ly  marked:  c  sky-blue  to  ultramarine-blue,  b  reddish  or  bluish  violet, 
I  yellowish  green  to  colorless.  Absorption  c  >  b  >  a.  Optically  +.  Ax. 
)1.  I  ^  c  A  <r=  4°  to  6%  rarely  higher  values.  2E^r  =  84°  42'.  p  =  1-6442 
gastaldite);  ;^  —  «  =  0022. 

Comp.— Essentially  NaAl(SiO,),.(Fe,Mg)8iO,.  If  Mg  :  Fe  =  2  :  1,  the 
ormula  requires:  Silica  57*6,  alumina  16-3,  iron  protoxide  7*7,  magnesia  8*5, 
oda  9-9  =  100. 
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Obs. — Occurs  as  the  bornbleudic  constituent  of  certain  crystalline  schists,  called  glauco- 
pfiane-schistSt  or  glaucophanite;  also  mure  or  less  prominent  in  mica  schists,  ampUibolit^, 
gneiss,  eclogites,  etc.  It  is  often  associated  with  mica,  earnet,  diallage  and  orapbnciie, 
epidote  and  zoisite.  etc.  First  described  from  the  island  of  Byra,  one  of  iiie  Cyclades;  since 
shown  to  be  rather  widely  distributed,  as  on  the  southern  slope  of  the  Alps  {gasialdiU), 
Corsica,  Japan,  etc.    Bhodusite  is  a  fibrous  variety  from  the  Is.  Khodus. 

In  the  U.  S.,  glaucophane  schists  have  been  described  from  the  Coast  Ranges  of  Cali- 
fornia, us  at  Sulphur  Bank,  Lake  Co. 

Glaucophane  is  named  from  yXavKoi,  bluitih  green,  and  <f>div€cr^aiy  to  appear.      ^ 

RIBBEOKiTU. 

Monoclinic.  Axes  A  :  X  :  i  =  0-5475  : 1  :  0-2925;  ft  =  re**  10'.  In  embed- 
ded prismatic  crystals,  longitudinally  striated.  Gleayage:  prismatic  (56^) 
perfect.  Luster  yitreoas.  Color  black,  Pleochroism  very  strongly  marked : 
c  green,  b  (=  %)  deep  blue,  Q  (nearly  \  c)  dark  blue.  Optically  — .  Extinc- 
tion-angle small,  a  A  <5  =  4°-5''  (±?).     Axial  angle  large. 

m 

Comp.— Essentially  2NaFe(SiO,),.FeSiO,  =  Silica  50-5,  iron  sesquioxide 
26-9,  iron  protoxide  12-1,  soda  J.0-5  =  100.  It  corresponds  closely  to  acmite 
(segirite)  among  the  pyroxenes. 

Obs.— Originally  described  from  the  granite  and  syenite  of  the  island  of  Socotra  in  tbe 
Indian  Ocean,  120  m.  N.  E.  of  Cape  Guardafui,  tbe  eastern  extremity  of  Africa;  occurs  in 
groups  of  prismatic  crystals, often  radiating  and  closely  resembling  tourmaline;  also  in  f  ranih 
phyre  blocks  found  at  Ailsa  Ci-ag  and  at  other  points  in  Scotland  and  Ireland.  A  similar 
amphibole  occurs  at  Mynydd  Mawr,  Camarvooshire.  Wales.  Also  another  in  granulite  Id 
^ -    ~       .   -.  ~ £1  Pi 


Corsica.     A  so-called  arfvedsonite  from  St.  Peter's  Dome,  Pike's  Peak  region,  £1  Paso  Co.. 
Colorado,  occurring  with  astrophvllite  and  z" 
ite.    Extinction-angle  on  &,  a  A  f  =  8*  to  4^< 


Colorado,  occurring  with  astrophvllite  and  zircon,  is  shown  by  Lacroix  to  be  near  riebeck- 


OROOn>OIiITB.    Blue  Asbestos. 

Fibrous,  asbestns-like ;  fibers  lon^  bn!;  delicate,  and  easily  separable.  Also 
massive  or  earthy.  Cleavage:  prismatic,  66^  H.  =  4.  G.  =  3*20-3 -30. 
Luster  silky;  dull.  Color  and  streak  lavender-blue  or  leek -green.  Opaque. 
Fibers  somewhat  elastic.  Pleochroism:  c  green,  b  violet,  a  blue.  Optically  -j-. 
Extinction-angle  on  b,  inclined  18**  to  20**  with  i     2E  =  95°  approx.      y  —  a 

=  0-025. 

ni 
Comp.— NaFe(SiO,),.FeSiO,  (nearly)  =  Silica  49*6,  iron  sesquioxide  220, 
iron  protoxide  19*8,  soda  8'6  =  100. 

Magnesium  and  calcium  replace  part  of  the  ferrous  iron,  and  hydrogen  part  of  tbe 
sodium. 

Pyr.j  etc.— -In  the  closed  tube  yields  a  small  amount  of  alkaline  water.  B.B.  fuse>i 
easily  with  intumescence  to  a  black  magnetic  glass,  coloring  the  flame  yellOw  (soda).  ^Viiu 
the  fluxes  gives  reactions  for  iron.    Unacted  upon  by  acids. 

Obs.— Occurs  in  South  Africa,  in  Griqualand-West,  north  of  the  Orange  river,  in  i 
range  of  quartzose  schists  called  the  Asbestos  Mountains.  In  a  micaceous  porphyrv  uear 
Framont,  in  the  Vosffes.  At  Qolling  in  Salzburg.  In  the  U.  S.,  at  Beacon  Pole  Hill,  near 
Cumberland,  R.  I.  Emerald  Mine,  Buckingham,  and  Perkin's  Mill,  Templeton,  Ottawa 
Co.,  Ontario,  Canada. 

Abriaehanite  is  an  earthy  amorphous  form  occurring  in  the  Abriachan  district,  near 
Loch  Ness,  Scotland.  Crocidolite  is  named  from  KpoKiS,  woof,  in  allusion  to  its  fibrous 
structure. 

Tbe  South  African  mineral  is  largely  altered  by  both  oxidation  of  the  iron  and  inflltra- 
tion  of  silica,  resulting  in  a  compact  siliceous  stone  of  delicate  fibrous  structure,  chaiojaj'f 
lu?ter,  and  bright  yellow  to  brown  color,  iwpularly  called  tiger-eye  (also  cnt's-eye  aijil 
I^Yiseixiuarz,  Tigerauge,  Falkeuauge  (bluish  var.)  Oerm,).    Many  varieties  occur  forming 
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transitions  from  the  original  blue  mineral  to  the  final  product;  also  varieties  depending 
upon  the  extent  to  which  the  original  mineral  has  penetrated  the  quartz. 

ARFVBDSONITB. 

Monoclinic.     Axes  d  :  *  :  (J  =  0-5569  :  1  :  0  2978  ;  /3f  =  73"  2'. 

Crystals  long  prisms,  often  tabular  ||  ^,  but  seldom  distinctly  terminated ; 
ingles  near  those  of  amphibole;  also  in  prismatic  aggregates.  Twins:  tw.pl.  a. 

Cleavage:  prismatic,  perfect;  h  less  perfect.  Fracture  uneven.  Brittle. 
11.  =  6.  G.  =  3 -44-3 "45.  Luster  vitreous.  Color  pure  black;  in  thin  scales 
ieep  green.  Streak  deep  bluish  gray.  Opaque  except  in  thin  splinters. 
Pleochroism  strongly  marked :  c  deep  greenish  blue,  6  lavender,  a  pale  green- 
sh  yellow.  Absorption  c  >  b  >  a;  sections  ||  a  are  deep  greenish  blue,  ||  ^olive- 
^een.     fi  =  1'707;  y  —  a=  0-027.     Extinction-angle  on  b,  with  i,  =  14°. 

Comp. — ^A  slightly  basic  metasilicate  of  sodium,  calcium,  and  ferrous  iron 
chiefly;  an  analysis  by  Lorenzen  gives: 

G.         810,  AUO.  Fe,0.  FeO  MnO  M^O  CaO  Na,0  K,0  H.O 
^angerdluarsuk  8*44       48*85    445    8*80  88*48  0*45  (  81  4*65  815  1  Otf  015=  100-80 

The  supposed  arfvedsonite  from  Greenland  analyzed  by  von  Kobell.  Rbg.,  etc.,  has 
>een  shown  to  be  oiglrite;  that  from  Pike's  Peak,  Colorado,  analyzed  by  Koenig,  has  been 
ef  erred  to  riebeckite. 

Fyr.,  etc.— B.B.  fusesat  2  with  intumescence  to  a  black  ma^etic  globule;  colors  the 
larne  yellow  (soda);  with  the  fluxes  gives  reactions  for  iron  and  manganese.  Not  acted 
ipon  by  acids. 

Obs. — Arfvedsonite  and  amphiboles  of  similar  character,  containing  much  iron  and 
oda,  are  common  constituents  of  certain  igneous  rock  which  are  rich  in  alkalies,  as  nephe- 
iie  syenite,  phonolite,  etc.  Large  and  distinct  crystals  are  found  only  in  the  pegmatite 
eins  in  such  rocks,  as  at  Kangerdluarsuk,  Greenland,  where  the  associated  roinei-ais  are 
CKlalite,  eudialyte,  feldspar,  etc.  Arfvedsonite  occurs  also  in  the  nephelite- .syenites  and 
elated  rocks  of  the  Christiania  region  in  southern  Norway;  on  the  Kola  peninsula  in 
iiissian  Lapland;  Dun^nnon  township,  Ontario;  Trans  Pecos  district,  Texas.  Ihere- 
UtMl  brownish  pleochrolc  amphiboles  (cf.  barkevikite)  occur  in  similar  rocks  at  MontreaK 
:auada;  Red  Hill.  New  Hampshire;  Salem,  Mass.;  Magnet  Cove,* Ark. ;  Black  Hills,  So. 
)iikota;  Square  Butte,  Montana,  etc. 

Crogsite  is  a  soda-amphibole  near  arfvedsonite  (7*62Nas0)  from  a  rock  in  the  neighbor^ 
oo(i  of  San  Francisco. 

Barkevikite.  An  amphibole  near  arfvedsonite  but  more  basic.  In  prismatic  crys- 
ils.  Cleavage:  prismatic  (55"  44J').  G.  =  8428.  Color  deep  velvet-black.  Pleochroism 
larked,  colors  brownish.  Extinction-angle  with  ^  on  5=  12^.  Occurs  at  the  w5hlerite 
x:ality  near  Barkevik,  on  the  Langesund  fiord,  and  elsewhere  in  southern  Norway. 


2Inigmatite.  Cossyrite.  Essentially  a  titano-silicate  of  ferrous  iron  and  sodium,  but 
Qntaiuing  also  aluminium  and  ferric  iron.  In  prismatic  tricliuic  crystals.  Cleavage: 
risnmtic,  distinct  (eO*").  G.  =  8*74-8  80.  Color  black.  iEnigmatite  is  from  the  sodalite- 
^enite  of  Tunugdliarflk  and  Kangerdluarsuk,  Greenland.  OoMf/rite  occurs  in  minute 
rystals  embedded  in  the  liparite  lavas  of  the  island  Pantellaria  (ancient  name  Cossyra). 


BER7I..  ( 

Hexagonal.     Axis  6  =  0-4989. 

Crystals  usually  long  prismatic,  often  striated  vertically,  rarely  transversely; 
istinct  terminations  exceptional.  Occasionally  in  large  masses,  coarse  columnar 
r  granular  to  compact. 

Cleavage:  c  imperfect  and  indistinct.  Fracture  conchoidal  to  uneven, 
rittle.  H.  =  7-5-8.  G,  =  2*63-2 -SO;  usually  2-69-2-70.  Luster  vitreous^ 
•rnetime  resinous.     Colors  emerald -green,  pale  green,  passing  into  light  blue^ 
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jellow  and  white;  also  pale  rose-red.  Streak  white.  Transparent  to  subtrans- 
lucent.  Dichroism  more  or  less  distinct.  Optically—.  Birefringence  low. 
Often  abnormally  biaxial,     go  =  1*5820,  e  =  1-57G5  aquamarine. 
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CO,  0001  A  1122  =  26'  81'. 


«.  0001  A  1121  =  44"  66'. 
pff,  1011  A  0111  =  28'  54i'. 


Var. — 1.  Emerald.  Color  brigbt  emerald^green,  due  to  the  preaeDce  of  a  little  chro- 
xnium  ;  highly  prized  as  a  gem  when  clear  aod  free  from  flaws. 

2.  Ordinary;  Beryl,  Geuerally  ia  hexagonal  prisms,  often  coarse  and  large ;  green  the 
common  color.  The  principal  kinds  are :  (a)  colorless;  (b)  bluish  green,  eddied  aquamarine: 
{c)  apple-green ;  (d)  greenish  yellow  to  iron-yellow  and  honey-yellow ;  sometimes  a  clear 
bright  yellow  as  in  the  golden  beryl;  (e)  pale  yellowish  green  ;  (/)  clear  sapphire-blue : 
{g)  pale  sky  blue  ;  (A)  the  pale  violet  or  reddish  ;  (t)  the  opaque  brownish  yellow,  of  waxy 
or  greasy  luster.     The  oriental  emerald  of  Jewelry  is  emerald-colored  sapphire. 

Comp.— Be,Al,(SiO,),  or  3BeO.Al,0,.6SiO,  =  Silica  67-0,  alumina  19-0, 
glucina  14*0  =  100. 

Alkalies  (NasO,  LisO.  CssO)  are  sometimes  present  replacing  the  beryllium,  from  0-35 
to  5  p  c.  ;  also  chemically  combined  water,  including  which  the  formula  becomi^ 
H,Be,Al4Si„0sT. 

Pyr.,  etc.— B.B.  alone,  unchanged  or,  if  clear,  becomes  milky  white  and  clouded  ;  at 
a  high  temperature  the  edses  are  rounded,  and  ultimately  a  vesicular  scoHa  is  formed 
Fusibility  =  5*5,  but  somewhat  lower  for  beryls  rich  iu  alkalies.     Glass  with  borax,  clear 
and  colorless  for  beryl,  a  fine  green  for  emerald.     Unacted  upon  by  acids. 

Diff. — Characterized  by  its  green  or  greenish-blue  color,  glassy  luster  and  hexagonnl 
form  ;  rarely  massive,  then  easily  mistaken  for  quartz.  Distinguished  from  apatite  by  its 
liardness,  not  being  scratched  by  a  knife,  also  harder  than  green  tourmaline  ;  from  chrybo- 
beryl  by  its  form  ;  from  euclase  and  topaz  by  its  imperfect  cleavage. 

Obs. — Beryl  is  a  common  accessory  mineral  in  granite  veins,  especially  in  those  of  a 

Segmatitic  character.  Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests,  nenr 
[uso,  etc.,  75  m.  N.N.E.  of  Bogota,  Colombia.  Emeralds  of  less  beauty,  but  larger,  ot-mr 
in  Siberia,  ou  the  river  Tokovoya,  N.  of  Ekaterinburg,  embedded  in  micaschi<t.  Emenild* 
of  large  size,  though  not  of  uniform  color  or  free  from  flaws,  have  been  obtained  in  Alex- 
ander Co..  N.  C. 

Transparent  beryls  are  found  in  Siberia,  India  and  Brazil.  In  Siberia  they  occur  at 
Mursinka  and  Shaitanka,  near  Ekaterinburg  ;  near  Miask  with  topaz  ;  in  the  mountains  of 
Aduu-Clialon  with  topaz,  in  E.  Siberia.  Beautiful  crystals  also  occur  at  Elba ;  the  tin 
mines  of  Ehrenfiiedersdorf  in  Saxony,  and  Schlackenwald  in  Bohemia.  Other  localities 
are  the  Mourne  Mts.,  Ireland  ;  yellowish  green  at  Rubislaw,  near  Aberdeen,  Scotland 
(davidsonite) ;  Limoges  in  France ;  Finbo  and  Broddbo  in  Sweden ;  Tamela  in  Finland ; 
Pfitsch-Joch,  Tyrol ;  Bodenuiais  and  Rabenstein  in  Bavaria ;  in  New  South  Wales. 

In  the  United  States,  l)eryls  of  gigantic  dimensions  have  been  found  in  N,  Hamp,.  at 
Acworth  and  Grafton,  and  iu  Mass..  at  Royalston.  In  Maine,  at  Albany  ;  Norway ;  Bethel: 
at  Hebron,  a  cssium  beryl  (CsjO,  8*60  p  c),  associated  with  pollucite ;  in  Paris,  with  black 
tourmaline  ;  at  Topsham.  pale  green  or  yellowish.  In  Mnits.,  at  Barre;  at  Goshen  (^osA^ni^^i. 
and  at  Chesterfield  In  Conn.,  at  Haddam,  and  at  the  Middletown  and  Portland  feldspar 
quarries ;  at  New  Milford,  of  a  clear  golden  yellow  to  dark  amber  color;  Branchville.     In 
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Penn,,  at  Leiperville  and  Chester ;  at  Mineral  Hill.  In  Virginia,  at  Amelia  Court- House, 
5ometiines  white.  IniV.  Carolina,  in  Alexander  Co.,  near  Stony  Point,  fine  emernlds  ;  in 
Mitchell  Co.;  Mornmton,  Burke  Co.,  and  elsewhere.  In  Alabama,  Coosa  Co.,  of  a  light 
yellow  color.  lu  Uolorado,  near  the  summit  of  Mt.  Antero,  beautiful  aquamarines.  In  S. 
'Dakota,  in  the  Black  Hills  in  large  crystals. 

Endialyte.  Essentially  a  metasilicate  of  Zr,Fe(Mn),Ca,Na,  etc.  In  red  to  brown 
tabular  or  rhombohedral  crystals  ;  also  massive.  H.  =  5-^*5.  G.  =  2'9-8'0.  Optically  -|-. 
From  Kangerdluarsuk,  West  Greenland,  etc.,  with  arfvedsonite  and  sodalite ;  at  Lujnor  on 
I  lie  Kola  peninsula,  Russian  Lapland,  in  elsBolite-syenite,  there  forming  a  main  constituent 
of  the  rock-mass.  Bucoliie,  from  islands  of  the  Langesund  fiord  in  Norway,  is  similar  (but 
optically  — ).  Eudialyte  and  eucolite  also  occur  at  Magnet  Cove,  in  Arkansas,  of  a  rich 
CI  iinson  to  peach-blossom  red  color,  in  feldspar,  with  elaeoiite  and  segiritc. 

Elpidite.  NatO.ZrO,.6SiOs.8H,0.— Massive,  fibrous.  G.  =  2*54.  Southern  Green. 
hud.  

The  following  are  rare  species  of  complex  composition,  all  from  the  Lange- 
sund fiord  region  of  southern  Norway. 

Catapleiite.  H4(Na„Ca)ZrSiaOti.  In  thin  tabular  hexagonal  prisms.  H.  =  6.  G.  = 
12 '8.  Color  light  yellow  to  yellowish  brown.  Natron-ccUapUiite,  or  soda-catapleiite,  con« 
tains  only  sodium  ;  color  blue  to  gray  and  white ;  on  heating  the  blue  color  disappears. 

Oappelenite.  A  boro-silicate  of  yttrium  and  barium.  In  greenish-brown  hexagonal 
crystals. 

Meianooerite.  A  fluo-silicate  of  the  cerium  and  yttrium  metals  and  calcium  chiefly 
(also  B,  Ta,  etc.).     In  brown  to  black  tabular  rhombohedral  crystals. 

Caryooeiite.    Near  melanoceritc,  containing  ThOt. 

Strebnbtrupinb  (from  Greenland)  is  allied  to  the  two  last-named  species. 

Tritomite.  A  fluo-silicate  of  thorium,  the  cerium  and  yttrium  metals  and  calcium, 
with  boron.    In  dark  brown  crystals  of  acute  triangular  pyramidal  form. 

The  following  are  also  from  the  same  region: 

Leucophanite.  Na(6eF)Cn(Si0s)s.  In  glassy  greenish  tabular  crystals  (orthorhombic- 
sphenoidal).     H.  =  4.     G.  =  2'9«. 

MeliphaDite.  A  fluo-silicate  of  beryllium,  calcium,  and  sodium  near  leucophanit  \  In 
low  square  pyramids  (tetragonal).    Color  yellow.    H.  =  5-5'5.    G.  =  801. 


8=Ba;» 


lOUTB.     Cordierite.     Dichroite. 

Orthorhombic.    Axes  a  :  J  :  (J  =  0  5871  :  1  :  0  5685. 

Twins:  tw.  pi.  m,  also  d  (130),  both   yielding  pseudo-hexagonal  forms. 
Habit  short  prismatic  {mm'"  =  60°  50')    (Fig.   299,  ^^^ 

\}.  94).     As  embedded  grains;  also  massive,  compact. 

Cleavage:  h  distinct;  a  and  c  indistinct.  Crystals 
often  show  a  lamellar  structure  ||  c,  especially  when 
slightly  altered.  Fracture  subconchoidal.  Brittle, 
n.  =  7-7*5.  G.  =  2-60-2-66.  Luster  vitreous.  Color 
various  shades  of  blue,  light  or  dark,  smoky  blue. 
Transparent  to  translucent.  Pleochroism  strongly 
marked  except  in  thin  sections.  Axial  colors  variable. 
Thus: 

Bodenmais       c(=  J)  dark  Berlin-blue       l(=a)  light  Berlin- 
biue     a  ( =  ^)  yellowish  white 

Absorption  c  (J)  >  b  {d)  >  a  (i).     Pleochroic  halos 
common,  often  bright  yellow;  best  seen  in  sections  ||  d. 
Exhibits  idiophanous  figures.    Optically  — .    Ax.  pi.  ||  a.    Bx.  ±  c.   Dispersion 
feeble,  p  <  r,     2V  =  70*^  23'  (also  40°  to  84°).     )5y  =  1*549;  y-a  =  0008. 
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Comp.— H,(Mg,Fe),Al.Si.,0„  or  H.O.4(Mg,FeO).4Al,O,.10SiO,. 
If  Mg  :  Fe  =  7  :  2,  the  percentage  composition  is:  Silica  49*4,  alumina  33*6, 
iron  protoxide  5*3,  magnesia  10*3,  water  15  =  100.    Ferrous  iron  replaces  part 
of  the  magnesium.     Calcium  is  also  present  in  small  amount. 

Pyr..  etc. — B.B.  loses  transparencv  and  fuses  at  5-55.  Only  partially  decomposed  by 
acids.    Decomposed  on  fusion  witli  alkaline  carhouates. 

Di£f.— Characterized  by  its  vitreous  luster,  color  and  pleocbroism;  fusible  on  tbe  edges 
unlike  quartz;  less  hard  than  sapphire. 

Recognized  in  thin  sections  by  lack  of  color;  low  refraction  and  low  interference-colors 
it  is  very  similar  to  quartz,  but  distinguished  by  its  biaxial  character:  in  volcanic  roik> 
commonly  shows  distinct  crj'Stal  outlines  and  a  twinning  of  three  individuals  like  Hrasro:! 
ite.  In  the  gneisses,  etc..  it  is  in  formless  grains,  but  the  common  occurrence  of  inrUisitm  . 
especially  of  sillimanite  needles,  the  pleochroic  halos  of  a  yellow  color  around  small  inc  iu 
sions,  particularly  zircons,  and  the  constant  tendency  to  alteration  to  micaceous  piuite  see'i 
along  cleavages,  help  to  distinguish  it. 

Obs. — Occurs  in  granite,  gneiss  (eordieriUgneist),  hornblendic,  chlorilic  and  talcose 
schist,  and  allied  rocks,  with  quartz,  orthoclaseor  albite,  tourmaline,  hornblende,  andaii}- 
site,  sillimanite,  garnet,  and  sometimes  beryl.  Less  commonly  in  or  connected  with  igneous 
rocks,  thus  formed  directly  from  the  magma,  as  in  andesite,  etc.;  also  in  ejected  masses  in 
fragments  of  older  rocksj;  further  formed  as  a  contact-mineral  in  connection  with  eruptive 
dikes,  as  in  slates  adjoining  granite. 

Occurs  at  Bodenmais,  Bavaria,  in  granite,  with  pyrrhotite,  etc.;  Orijarvi,  in  Finlaui 
(steinheilitti);  Tunaberg,  in  Sweden  ;  in  colorless  crystals  from  Brazil ;  Ceylon  affords  a 
transparent  variety,  the  saphir  d'eau  of  jewelers. 

In  the  U.  S..  at  Haddam,  Conn.,  associated  with  tourmaline  ^n  n  granitic  vein  in  gneiss 
At  Brimfield,  Mass..  at  Richmond,  N.  H. 

Named  lolite  from  lov,  violet  and  XtQoi,  stone/  Dichroiie  {from  dixfloo^,  itBO-eolored^. 
from  its  dichroism  ;  Cordieriie,  after  Cordier,  the  French  geologist  (1777-1861). 

The  alteration  of  iolite  takes  place  so  readily  by  ordinary  exposure,  that  the  mineral  i? 
most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  This  cbanire 
may  be  a  simple  hydration  ;  or  a  removal  of  part  of  the  protoxide  bases  by  carbon  dioxide : 
or  the  introduction  of  oxide  of  iron;  or  of  alkalies,  forming  pinite  and  mica.  The  first  stt'> 
in  the  change  consists  in  a  division  of  the  prisms  of  iolite  into  plates  parallel  to  the  ban'. 
and  a  pearly  foliation  of  the  surfaces  of  these  plates;  with  a  change  of  color  to  grayish  greei 
and  greenish  gray,  and  sometimes  brownish  gray.  As  the  nlteriition  pn)ceeds.  the  foliaiioti 
becomes  more  complete;  afterward  it  may  be  lost.  The  mineral  in  this  altered  conditi(>n 
hns  many  names:  as  hydrous  ioliie  (incl.  bonedorfflte  and  auralite)  from  Abo,  Finl&D<i. 
fahlunite  from  Falun.  Sweden,  hlso  pyrargillite  from  Helsingfors;  esmarkite  and  prafteolu- 
from  near  Brevik.  Norway,  also  raumite  from  Raumo,  Fiuland,*and  peplolite  from  Ram^- 
berg.  Sweden:  chlorophylUte  from  Unity,  Me.;  aspcbsiolUe;  and  polychroilite  from  Kragero 
There  are  further  alkaline  kinds,  Sia  pinite,  eataspilitey  gigantolite^  ih&rite,  belonging  to  tl:e 
Mica  Group. 


The  following  are  rare  lead  and  barium  silicates: 

Barysilite.  PbaSijOT.  In  embedded  masses  with  curved  lamellar  structure.  Cleav 
age:  basal.  H.  =  3.  G.  =  6' 11-8-55.  Color  white;  tarnishing  on  exposure.  From 
tiie  Ilnrstig  mine,  Pajsberg,  Sweden. 

Ganomalite.  Pb3Sia07.(Ca.Mn)sSi04.  In  prismatic  crystals  (tetragonal);  also  massive. 
grniiulrir.  H.  =  3.  G.  =  5*74.  Colorless  to  gray.  From  L&ngban,  Sweden;  alsi> 
Jal<()l)sberg. 

Hyalotekite.  Approximately  (Pb.Ba,Ca\BafSi08)n.  Massive :  coarsely  crystalline 
1£.  =  r>-5-5.     G.  =  3*81.     Color  white  to  pearly  gray.     From  L&ngbau,  Sweden. 

Barylite.  Ba4Al4Si':094-  lu  grou]>8  of  colorless  prismatic  crystals.  H.  =7.  G.  =  4(>3 
Luster  greasy.     Occurs  with  hedyphane  in  crystalline  limestone  at  L&ngban,  Sweden. 

Roeblingite.  5(H3CaSi04).2(CaPbS04).  In  dense,  white,  compact,  crystalline  masses 
H.  =3.     G.  =  3-433.    From  Franklin  Furnace,  N.  J. 
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m.  Orthosilicates.    R,SiO,. 

Salts  of  Orthosilicic  Acid,  H^SiOj  characterized  by  an  oxygen  ratio  of 
1  :  I  for  silicon  to  bases. 

The  following  list  includes  the  more  prominent  groups  among  the  Ortho- 
silicates. 

A  number  of  basic  orthosilicates  are  here  included,  which  yield  wnter  upon  ignition; 
,'i!so  others  which  are  more  or  less  basic  than  a  normal  orihosiltcate,  but  which  are  of 
necessity  introduced  here  in  the  classification,  because  of  their  relationship  to  other  normal 
vii's.  The  Mica  Group  is  so  closely  related  to  many  Hydrous  Silicates  that  (with  also 
ialc.  Kaolin iie.  and  some  others)  it  is  described  later  with  them. 


\ephelite  Group.     Hexagonal. 
Socialite  Group.     Ison  etric. 
llelvite  Group.    Isometric*tetrahe- 

dral. 
Garnet  Group.     Isometric. 
Chrysolite  Group.     Orthorhombic. 
Plieiiacite  Group.     Tri-rhorabohe- 

dral. 


Scapolite   Group.     Tetragonal  -  py- 
ramidal. 
Zircon  Group.     Tetragonal. 
Daiiburite  Group.     Orthorhombic. 
Datolit^  Group.     Monoclinic. 
Epidote  Group.    Monoclinic. 


ITephelite 

Soda-nephelite  (artif.) 
Eucryptite 


Nephelite  Group.    Hexagonal. 

Typical  formula  EAlSiO,. 

K,Na.Al.Si,0„ 

NaAlSiO, 

LiAlSiO,  KaUophUite 


i  s  0*8389 
KAlSiO. 


Cancrinite  H.Na.Ca(NaCO,),Al,(SiOJ,  2t  =  08448 

Microsommite  (Na,K),.Ca,Al,,Si,,0„SCl,  26  =  0-8367 

The  species  of  the  Nephelite  Group  are  hexagonal  in  crystallization  and 

iiave  in  part  the  typical  orthosilicate  formula  RAlSiO,.  From  this  formula 
r:»^[)helite  itself  deviates  somewhat,  though  an  artificial  soda-nephelite, 
N:iAlSiO^,  conforms  to  it.  The  species  Cancrinite  and  Microsommite  are 
"t'lated  in  form  and  also  in  composition,  though  in  the  latter  respect  some- 
what complex.  They  serve  to  connect  this  group  with  the  sodalite  group 
fallowing. 


NEPHHIilTB.     Nephelioe. 

Ilexagonal-hemimorphic  (p.  73).     Axis  6  =  0*83893. 

In  thick  six-  or  twelve-sided  prisms  with  plane  or  modified  summits. 
Also  massive  compact,  and  in  embedded  grains;  structure  sometimes  thin 
•-•olumnar. 

Cleavage:  in  distinct;  c  imperfect.  Fracture  subconchoidal.  Brittle. 
II.  =  5-5-6.  G.  =  2 •55-2*65.  Luster  vitreous  to  greasy;  a  little  opalescent 
ill  some  varieties.  Colorless,  white,  or  yellowish;  also  when  massive,  dark 
jrreen,  greenish  or  bluish  gray,  brownish  red  and  brick-red.  Transparent  to 
o[)aque.     Optically  — .     Indices:  cOy  =  1*542,  Cj  =  1'538. 
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Var.— -1.  Nepheliie.  C7^My.— Usually  in  small  glassy  crystals  or  graias,  Iranspiirent. 
with  vitreous  luster,  first  fouud  ou  Mle.  Somma.  Characteristic  particularly  of  younger 
eruptive  rocks  aud  lavas.  "Z.  ElaoliU.—lu.  large  coai-se  crystals,  or  more  commonly  ui:ui- 
sivt',  wiiti  a  greasy  luster,  aud  reddish,  greenish,  brownish  or  gray  in  color.  Usuail/ 
clouded  by  minute  inclusions.     Characteristic  of  granular  crystalline  rocks,  syenite,  etc. 

Comp.— R,Al.Si.O„;  if  R=  Na:K  =  3: 1,  this  is  equivalent  to  3Na  O.K,0. 
4Al,0,.9SiO,  =  Silica  44*0,  alumina  33*2,  soda  15-1,  potash  77  =  ICO.  In  moat 
analyses  Na  :  E  =  4  :  1  or  5  :  1. 

Synthetic  experiments,  yielding  crystals  like  nephelite  with  the  composition  NaAlSiO*. 
lead  to  the  conclusion  that  a  uaturul  soda-uephelite  would  be  an  orthosilicate  with  this 
formula,  while  the  higher  silica  in  the  potash  varieties  may  be  explained  by  the  presence;, 
in  molecular  combination,  of  KAlSiaOt  or  KaO.  AI«0..4Si08  (=  leucite).  The  other  species 
of  the  group  are  normal  orthosilicutes,  viz.,  eucryptitc  LiAlSi04.  and  kaliophilite,  KAlSiO^. 

Pyr.,  etc.— B.B.  fuses  quietly  ul  3-5  to  a  colorless  glass.     Gelatinizes  with  acids. 

Diff. — Distinguished  by  its  gelatinizing  with  acids  from  scapolite  and  feldspar,  as  also 
from  apatite,  from  which  it  differs  too  in  its  greater  hardness.  Massive  varieties  have  & 
characteristic  greasy  luster.         ^ 

Recognized  in  thin  sections  By  its  low  refraction;  very  low  interference-colors,  which 
scarcely  rise  to  gray;  parallel  extinction  when  in  crystals;  faint  negative  uninxial  cri>s8 
yielded  by  basal  sections  in  converging  light.  The  negative  character  is  best  told  by  aid  of 
the  selenite  plate  (see  p.  201  j.  Microchemioil  tests  serve  to  distinguish  non-characterisiic 
particles  from  similar  ones  of  alkali  feldspar;  the  section  is  treated  with  dilute  acid,  &ud 
the  resuluint  gelatinous  silica,  which  coats  the  nephelite  particles,  stained  with  eosine  or 
other  dye. 

Obs. — Nephelite  is  rather  widely  distributed  (as  shown  by  the  microscopic  study  of 
rocks)  in  igneous  rocks  as  the  product  of  crystallization  of  a  magma  rich  in  soda  aud  at  the 
same  time  low  in  silica  (which  last  prevents  the  soda  from  being  used  up  in  the  formation 
of  albite).  It  is  thus  an  essential  component  of  the  nephelite-syenites  and  phonolites  where 
it  is  associated  with  alkali  feldspars  chiefly.  It  is  also  a  constituent  of  more  basic  augitic 
rocks  such  as  nephelinite,  ueph elite-basalts,  neplielite-tephrites,  theralite,  etc.,  most  of 
which  are  volcanic  in  origin.  The  vaHety  eUeolite  is  associated  with  the  granular  plutonic 
rocks,  while  the  name  rmpJieliU  was  originally  used  for  the  fresh  glassy  crystals  of  the 
modern  lavas;  the  terms  have  in  this  sense  the  same  relative  significance  as  orthoclase  and 
flanidine.    3fodern  usage,  however,  tends  to  drop  the  name  eUfoliie. 

The  original  nepJvelile  occurs  in  crystals  in  the  older  Invas  of  Mte.  Somma,  with  mica, 
vesuvianite.  etc.;  at  Capo  di  Bove,  near  Rome;  in  the  basalt  of  Katzenbuckel,  near  Heidel- 
berg: Aussig  in  Bohemia;  LObau  in  Saxony  Occurs  also  in  massive  forms  and  larce 
coarse  crystals  {elaolite)  in  the  nephelite-syenites  of  Southern  Norway,  especially  along  tlie 
Langesund  fiord;  similarly  in  west  Greenland;  the  peninsula  of  Kola;  Miask  in  the  Ilmen 
Mts.  (in  the  rock  miaseite):  Sierra  Monchique,  Portugal  (in  the  rock  fajfoite);  Ditr6,  Hun- 
gary (in  the  rock  ditroite);  Pousac,  France;  Brazil;  South  Africa. 

EloBolite  occurs  massive  and  crystallized  at  Litchfield,  Me.,  with  cancrinite;  Salem. 
Mass.;  Red  Hill,  N.  H.;  in  the  Ozark  Mts.,  near  Magnet  Cove,  Arkansas;  elaeolile-syenite 
is  also  found  near  Beemersville,  northern  N.  J.:  near  Montreal,  Canada;  at  Dungannou 
township,  Ontario,  in  enormous  crystals.  Nephelite  rocks  also  occur  at  various  points,  as 
the  Trauspecos  distr..  Texas  ;  Pilot  Butte,  Texas :  also  in  western  N.  America,  as  in  Colo 
rado  at  Cripple  Creek:  in  Montana,  in  the  Crazv  Mts.,  the  Highwood.  Bearpaw  and  Judith 
Mts  :  Black  Hills  in  So.  Dakota;  Ice  River,  British  Columbia. 

Named  nephelits  from  vetpeXr;,  a  cloud,  in  allusion  to  its  becoming  cloudy  when 
immersed  in  strong  acid;  elcBolite  is  from  eXaiov^  oil,  in  allusion  to  its  greasy  luster. 

Gieseckite  is  a  pseudomorph  after  nephelite.  It  occurs  in  Greenland  in  six-sided  green- 
ish-gray prisms  of  greasy  luster;  also  at  Diana  in  Lewis  Co..  N.  Y.  Dy^yntrOnte  from 
Dianri  is  similar  to  gieseckite.  as  is  also  liebenerils,  from  the  valley  of  Pleims,  In  Tyrol 
See  further  Pinite  \inder  the  Mica  Group. 

Encryptite.  LiAlSiO*.  In  symmetrically  arranged  crystals  (hexagonal),  embedded 
In  albite  and  derived  from  the  alteration  of  spodumene  at  Branchville,  Conn,  (see  Fig.  474. 
p.  141).     G.  =  2-667.     Colories«  or  white. 

Kaliophilite.  KAlSiO*.  Phacellltc.  Phacelite.  Facellite.  In  bundles  of  slender 
acicular  rryatals  (hexagonal),  also  in  fine  threads,  cobweb-like.  H.  =6.  G.  =  2  493- 
2*602.     Colorless.     Occurs  in  ejected  masses  at  Mte.  Somma. 
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Hexagonal.  Axis  6  —  0*4224;  and  mp  —  64°,  pp'  =  25°  58'.  Rarely  in 
prismatic  crystals  with  a  low  terminal  pyramid.     Usually  massive. 

Cleavage:  prismatic  (m)  perfect;  a  less  so.  H.  =  5-B.  G.  =  2*42-2 -5. 
Color  white,  gray,  yellow,  green,  blue,  reddish.  Streak  uncolored.  Luster 
subvitreous,  or  a  little  pearly  or  greasy.  Transparent  to  translucent.  Opti- 
cully  uniaxial,  negative. 

Comp.— H.Na.Ca(NaCO.),Al,(SiO,).or3H,0.4Na.O.Ca0.4Al,0,.9SiO,.2CO, 
=  Silica  38-7,  carbon  dioxide  6*3,  alumina  29*3,  lime  40,  soda  17  8,  water  3  9 
=  100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B.  loses  color,  and  fuses  (F.  =  2)  with 
intumescence  to  a  white  blebby  glass,  the  very  easy  fusibility  distin^uisljing  it  readily  from 
nephelite.  Effervesces  with  hydrochloric  acid,  and  fornis  a  jelly  on  heating,  but  not 
before. 

Diff. — Recognized  in  thin  sections  by  its  low  refraction;  quite  hl^b  interference-colors 
and  negative  uniaxial  charncter.  Its  common  association  with  nephelite,  sodalite,  etc..  are 
valuable  characteristics.  Evolution  of  C0«  with  acid  distinguishes  it  from  all  other  min- 
erals except  the  carbonates,  which  show  much  higher  interference-colors. 

Oba. — Cancrinite  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  nnd  related  rock 
Erroujis.  It  is  in  part  believed  to  be  original,  i.e.,  formed  directly  from  the  molten  magma; 
in  part  held  to  be  secondary  and  formed  at  the  expense  of  nephelite  by  infiltrating  Tvaters 
holding  calcium  carbonate  in  solution.  Prominent  localities  are  Minsk  in  the  Ilmen  Mts.,  iu 
coarse- grained  nephelite-syenite;  similarly  at  Barkevik  and  other  localities  on  the  Lange- 
sund  ficn-d  in  southern  Norway ;  in  the  parish  of  Knolajarvi  in  northern  Finland  (where,  as>'0- 
riaied  with  orthoclase.  oegirife  and  nephelite,  it  composes  a  mass  of  cancrinite-syenite);  at 
Ditro.  Transylvania,  etc. ;  in  nephelite-syenite  of  Sftrna  and  AlnO  in  Sweden,  and  in  Brazil; 
aiho  in  small  amount  as  an  occasional  accessory  component  of  many  phonolitic  rocks  at 
various  localities. 

In  the  United  Stites  at  Litchfield  an!  West  Gardiner.  Me.,  with  eleeolite  and  blue  socia- 
lite.    Named  after  Count  Ciincrin,  Russian  Minister  of  Finance. 

Microsommite.  Near  cancrinite;  perhaps  (Na,KiioCa4Ali98ii90ftsSCl4).  In  minute 
^^olorless  prismatic  crystals  (hexagonal).  From  Vesuvius  (Mocte  Somma).  H.  =  ft. 
G.  =  2-42-2  53. 

Daytnb  is  in  part  at  least  microsommite.    From  Mte.  Somma. 


Sodalite  Group.    Isometric. 

SodaUte  Na,(AlCl)Al,(SiO,), 

Hatiynite  (Na„Cji),(NaS0,.Al)Al,(Si04), 

Wosclite  Na,(NaSO,.Al)Al,(SiOJ, 

Lazurite  Na,(NaS,.Al)Al,(SiOJ. 

The  species  of  the  Sodalite  Group  are  isometric  in  crystallization  and  per- 
liaps  tetrahedial  like  the  following  group.  In  composition  they  are  peculiar 
(like  cancrinite  of  the  preceding  group)  in  containing  radicals  with  CI,  SO  and 
S,  which  are  elements  usually  absent  in  the  silicates.  These  are  shown  in  the 
fornmlas  written  above  in  the  form  suggested  by  Brogger,  who  shows  that 
this  group  and  the  one  following  may  be  included  with  the  garnets  in  a  broad 
c^ronp  characterized  by  isometric  crystallization  and  a  close  resemblance  in 
composition.     See  further  under  the  Garnet  Grocp  proper,  p.  414. 

The  formulas  are  also  often  written  as  if  the  compound  consisted  of  a  sili- 
cate and  chloride  (sulphate,  sulphide)— thus  for  sodalite,  SNaAlSiO,  +  NaCl, 
etc. 
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SODAUTB. 

Isometric,  perhaps  tetrahedral.  Common  form  the  dodecahedron.  Twins: 
tw.  pi.  Oy  forming  hexagonal  prisms  by  elongation  in  the  direction  of  an 
octahedral  axis  (Fig.  368,  p.  123).  Also  massive,  in  embedded  grains;  in 
concentric  nodules  resembling  chalcedony,  formed  from  elaeolite. 

Cleavage:  dodecahedral,  more  or  less  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  5*5-6.  G.  =  2*14-2'30.  Luster  vitreous,  sometimt.^ 
inclining  to  greasy.  Color  gray,  greenish,  yellowish,  white;  sometimes  bli;e. 
lavender-blue,  light  red.  '  Transparent  to  translucent.  Streak  uucoloreii. 
fly  =  1-4827  Na. 

Comp.— Na,(AlCnAl,(SiOJ,  =  Silica  37-2,  alumina  31-6,  soda  25-6,  chlorine 
7*3  =  101-7,  deduct  (0  =  2C1)  1*7  =  100.  Potassium  replaces  a  small  part  of 
the  sodium.     The  formula  may  also  be  written  3NaAlSi04  +  NaCl. 

Pyr.,  etc. — In  the  closed  tube  the  bUie  varieties  become  white  and  opaque.  B.B.  fust-s 
nv'ith  iutiimescence.  at  8*5-4,  to  n  colorless  glass.  Decomposed  by  hydrocliloric  acid,  wiiu 
aeparatioD  of  gelatinous  silica. 

Diff.— Recognized  in  thin  sections  by  its  very  low  refraction,  Isotropic  character  ami 
lack  of  good  cleavage;  also,  in  most  cases,  by  its  lack  of  color.  Distinguished  from  miuii 
annlcite.  leucite  and  haOynite  by  chemical  tests  alone;  dissolving  the  mineral  in  dilute  uiirir 
acid  and  testing  for  chlorine  is  the  simplest  and  best. 

Obs. — Socialite  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  and  relat«il  rock 
groups,  either  directly,  as  is  commonly  the  case,  as  a  product  of  the  crystallization  of  \ 
miigma  rich  in  soda;  also  as  a  product  associated  with  enclose<l  masses  and  bombs  ejeciei 
with  su'h  magmas  in  the  form  of  lava,  ns  at  Vesuvius.  Ofieu  associated  with  nepheliif 
(or  cleeolile),  cancrinite  and  eudialyte.  Wilh  sanidine  it  form  a  sodaliU'traeiiyte  at  8rur 
rupata  in  Ischia,  in  crystals.  In  Sicily,  Val  di  Noto,  wilh  nephelite  and  nnalcitr.  At 
Vesuvius,  in  bombs  on  Monte  Sonima  in  white,  translucent,  dodecahedral  crystals:  mas^ivf 
and  of  a  gray  color  at  the  Kaisei-stuhl;  also  near  Lake  Laach.  At  Ditrd,  Ti-ansylvanin.  in 
an  elffiol it e- syenite.  In  the  foyaite  of  southern  Portugal.  At  Miask,  in  the  II men  Mt? . 
ill  tije  nugite-syenite  of  the  Laiigesund-fiord  region  in  Norway.  Further  in  West  Gretn- 
land  in  sodalite-sycnitc;  tbe  peninsula  of  Kola. 

A  blue  niasMve  variety  occurs  at  Litchfield  and  West  Gardiner,  Me.  Occurs  in  tie 
theraliie  of  tbe  Crazy  Mts.,  Montana;  also  at  Square  Butte,  Highwood  Mts.,  and  iu  me 
Bearpaw  Mis.,  in  tiiiguaite.  Occurs  also  in  the  elaeolite-syenite  of  Brome,  Brome  Co..  ami 
of  Montreal  and  Beloeil,  province  of  Quebec;  at  Dungannon,  Ontario,  in  large  blue  masbi-s 
and  iu  small  pale  pink  ciystals. 

HAUTNITB.     HaUyne. 

Isometric.     Sometimes  in  dodecahedrons^  octahedrons,  etc. 

Twins:  tw.  pi.  c;  contact-twins,  also  polysynthetic;  penetration-twins 
(Pig.  367,  p.  123).  Commonly  in  rounded  grains,  often  looking  like  crystals 
with  fused  surfaces. 

Cleavage:  dodecahedral,  rather  distinct.  Fracture  flat  conchoidal  t* 
uneven.  Brittle.  H.  =  5-5-6.  G.  =  2*4-2 '5.  Luster  vitreous,  to  somewlur. 
greasy.  Color  bright  blue,  sky-blue,  greenish  blue ;  asparagus-green,  n.^L 
yellow.  Streak  slightly  bluish  to  colorless.  Subtransparent  to  translucent : 
often  enclosing  symmetrically  arranged  inclusions  (Fig.  797).    Wy  =  1-4961. 

Comp.— Na,Ca(NaS04.Al)Al,(Si04),.  This  is  analogous  to  the  garntt 
formula  (Brogger)  where  the  place  of  the  R,  is  taken  by  Na,',  Ca  and  the 
group  Na-0-SO,-0-Al.  The  percentage  composition  is:  Silica  32*0,  sulphur 
trioxide  142,  alumina  27-2,  lime  10-0,  soda  16*6  =  100.  The  ratio  of  Na, :  Ca 
also  varies  from  3:2;  potassium  may  be  present  in  small  amount.  The 
formula  may  also  be  written  2(Na„Ca)Al,(SiO,),  +  (Na„Ca)Sp4. 

Pyr.,  etc. — In  tbe  closed  tube  retains  its  color.  B.B.  in  tbe  forceps  fuses  at  4*5  to  i 
white  glass.  Fusetl  with  soda  on  charcoal  affords  a  sulphide,  which  blackens  silvtr 
Decomposed  by  hydrochloric  acid  with  separation  of  gelatinous  silica. 
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Obs. — CommoD  in  certain  igneous  rocks,  thus  in  batlynophyre,  in  phonolite,  tephrite; 
very  commonly  associated  with  nephelite  aud  leucite.  Occurs  in  tlie  Vesuvlun  lavas,  on 
Mte.  Somma;  at  Melli,  on  Mt.  Vultur,  Naples;  in  the  lavas  of  the  Campagua,  Rome,  also 

797. 


Section  of  crystals  of  bnUyuite  (after  M5hl). 

in  the  peperino  near  Albano;  at  Niedermendig,  in  the  Eifel;  the  phonolites  of  Holieut- 
wiel. 

Noselite  or  Nosean.  Near  haQynite,  but  contains  little  or  no  lime.  Color  grayish, 
bluish,  brownish;  sometimes  nearly  opaque  from  the  presence  of  inclusions  (cf.  Fig.  797). 
Not  uncommon  in  phonolite.     At  Andernach,  the  Laacber  See,  and  elsewhere. 

liAZURTTZI.     LapisLazuli.     Lnsurite. 

Isometric.     In  cubes  and  dodecahedrons.     Commonly  massive,  compact. 
Cleavage  :     dodecahedral,    imperfect.      Fracture    uneven.      H.  =  5-5*5. 
0.  =  2*38-2'45.    Luster  vitreous.    Color  rich  Berlin-blue  or  azure-blue,  violet- 
blue,  greenish  blue.     Translucent. 

Comp.— Essentially  Na4(NaS,.Al)Al,(SiOJ^  (Brogger),  but  containing  also 
in  molecular  combination  haiiynite  and  sodalite.  The  percentage  composition 
of  tliis  ultramarine  compound  is  as  follows:  Silica  31*7,  alumina  2 (i -9,  soda 
■J7-3,  sulphur  16-9  =  102-9,  or  deduct  (0  =  S)  2-9  =  100. 

The  heterogeneous  character  of  what  had  Ion i;  passed  as  a  simple  mineral  under  the  name 
I^apis- lazuli  was  shown  by'Fischer  (1869),  Zirkel  (1878),  and  more  fully  by  Vogelsjmg  (1878). 
The  ordinary  natural  lapis  lazuli  (Lasurslein)  is  shown  by  BrOgger  and  Bacltstr&m  to  con- 
rain  lazurile  or  haiiynite  (sometimes  changed  to  a  zeolite),  adi(»pside  free  from  iron,  ampbi- 
bole  (lioksharovite),  mica  (muscovite),  calcite,  pyrite:  also  in  some  varieties  in  relatively 
small  amount  scapolite,  plagioclase,  orthoclase  (microperthite?),  apatite,  titanite,  zircon, 
aud  an  undetermined  mineral  optically  -f-  and  probably  uniaxial.  Regarded  by  BrOgger  as 
a  result  of  contact  metamorphism  in  limestone. 

Pyr.,  etc.— Heated  in  the  closed  lube  gives  off  some  moisture;  the  variety  from  Chili 
^lows  with  a  beetle-green  light,  but  the  color  of  the  mineral  remains  blue  on  cooling. 
Fuses  easily  (3)  with  intumescence  to  a  white  glass.  Decomposed  by  hydrochloric  acid, 
wiih  separation  of  gelatinous  silica  and  evohition  of  hydrogen  sulphide. 

Obs. — Occurs  in  Badakshan  in  the  valley  of  the  Kokcha,  a  branch  of  the  Oxus,  a  few 
miles  above  Firgamu.  Also  at  the  south  end  of  L.  Baikal.  Further,  in  Chili  in  the  Andes 
of  Ovalle.     In  ejected  masses  at  Monte  Somma,  rare. 

'I'he  richly  colored  varieties  of  lapis  lazuli  are  highly  estaemed  for  costly  vases  and  orna- 
mentjil  furniture;  also  employed  in  the  manufacture  of  mosaics:  and  when  powdered  con- 
stitutes the  rich  and  durable  paint  called  ultramarine.  This  has  been  replaced,  however, 
by  artiUcial  ultramarine,  now  an  important  commercial  product. 


Helvite  Group.    Isometric-tetrahedral. 

Helvite  (Mn,Fe),(Mii,S)Be,(SiO,), 

Danalite  (Fe,Zn,Mn),(  (Zn,Fe),S)Be,(SiO,), 

Eulytite  Bi.CSiO^). 

Zunyite  (Al(OII,F,Cl),).Al,(SiO0, 

The  Helvite  Group  includes  several  rare  species,  isometric-tetrahedral  in 


414  DESCKIPTIVK  MINEaALOQT. 

crystallization  and  in  composition  related  to  the  species  of  the  Sodaliie 
Group  and  also  to  those  of  the  Gabket  Group  which  follows: 

HBIiVlTU. 

Isometrio-tetrahedral.  Commonly  in  tetrahedral  crystals;  also  in  splieri- 
cal  masses. 

Cleavage:  octahedral  in  traces.  Fracture  uneven  to  conchoidal.  Brittle. 
H.  =  6-6  b,  G.  =  3'16-3'36.  Luster  vitreous,  inclining  to  resinous.  Colu: 
honey-yellow,  inclining  to  yellowish  brown,  and  siskin-green,  reddish  brown. 
Streak  uncolored.     Subtransparent.     n  =  1*739.     Pyroelectric. 

Comp.— (Be,Mn,Fe),Si,0„S.  This  may  be  written  (Mn,Fe),(Mn,S)Be,(SiO;\ 
(Brogger),  analogous  to  the  Garnet  Group,  the  bivalent  group  -Mn-S-Mu 
taking  the  place  of  a  bivalent  element,  R,  and  3Be  con-esponding  to  2A1,  cf. 
p.  415.     Composition  also  written  3(Be,Mn,Fe),SiO,.(Mn,Fe)S. 

Pyr..  etc. — Fuses  at  8  in  R.F.  with  intumescence  to  a  yellowish-brown  opaque  beau, 
becominir  darker  iu  R.F.  With  the  fluxes  gives  the  maugnuese  reaciion.  Decomposed  by 
hydrochloric  acid,  with  evolution  of  hydrogen  sulphide  and  separation  of  gelatinous  siViVii. 

Obs.— Occui-8  at  Schwarzenberg  and  Breitenbrunn,  in  Saxony:  at  Kapnik.  nuiigury; 
also  in  the  pegmatite  veins  of  the  augite-syeuite  of  the  Langesuud  fiord:  in  the  Ilmeu  3Itv 
near  Minsk  in  pegmatite.  In  the  U.  8.,  with  spessartite  at  the  mica  mines  near  Auieiia 
Court^House,  Amelia  Co.,  Va.;  etc.  Named  by  Wenicr,  in  allusion  to  its  yellow  color, 
from  7;Aro?,  the  sun. 

Danalite.  (Be,Fe,Za.Mn)fSisO,tS.  In  octahedrons;  usually  massive.  H.  =  5*5-6. 
G.  =  3*427.  Color  flesh-red  lo  gray.  Occurs  in  small  grains  in  the  Rockport  graciie. 
Cape  Ann,  Mass.;  at  the  iron  mine  ut  Bartlett,  N.  U.;  El  Faso  Co.,  Colorado. 

Eulytite.  BiiSisOn.  Wismuthblende,  Kieselwismuth  Grm.  Usually  in  minuie 
tetrahedral  crystals;  also  in  spherical  forms.  H.  =  4*5.  G.  =  6106.  Color  dark  buir- 
brown  to  grayish,  straw-yellow,  or  colorless.  Found  w^ith  native  bismuth  near  Schuei- 
berg,  Saxony;  also  at  Johaungeorgenstadt  in  crystals  on  quartz. 

Zun3rite.  A  highly  basic  orthosilicate  of  aluminium.  (Al(0H,F,Cl)s),Al,Si30„.  In 
minute  transparent  tetrahedrons.  H.=  7.  G.=  2-875.  From  the  Zufli  mine,  near  Silver- 
ton,  San  Juan  Co.,  and  on  lied  Mouniain,  Ouray  Co.,  Colorado. 


4,  Garnet  Group.     Isometric. 

Sin 
.R,(SiOJ.  or  3RO.R,0..3SiO,. 

n  n      11  m  m  m 

R  =  Ca,Mg,Fe,Mn.         R  =  Al,Fe,Cr,Ti. 
Garnet 

A.  Grossularite  Ca,Al,(SiOJ,         D.  Spessartite    Mn,Al,(SiOJ, 

B.  Pyrope  Mg.Al,(SiOJ,        E.  Andradite      Ca,Fe,(Si04), 

C.  Almandite       Fe,Al,(SiOJ,  Also     (Ca,Mg),Fe,(SiOJ„ 

Ca.Fe3((Si,Ti)0J, 
F.  Uvarovitb      Ca,Cr,(SiOJ, 
Schorlomite  Ca,(Fe,Ti),((Si,Ti)0,), 

The  Garnet  Group  includes  a  series  of  important  sub-species  included 
under  the  same  specific  name.  They  all  crystallize  in  the  normal  group  o' 
the  isometric  system  and  are  alike  in  habit,  the  dodecahedron  and  trapezo- 
hedron  being  the  common  forms.  They  have  also  the  same  general  forranla. 
and  while  the  elements  present  differ  widely,  there  are  many  intermediate 
varieties.     Some  of  the  garnets  include  titanium,  replacing  silicon,  and  thu.^ 
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they  are  connected  with  the  rare  species  schorlomite,  which  probably  also  has 
the  same  general  formala. 

Closely  related  to  the  Garnet  Group  proper  are  the  species  of  the  Sodalite  and  Helvite 
Groups  (p.  411,  p.  413).  All  are  characterized  by  isometric  crystallization,  and  all  are 
orthosilicates.  with  similar  cbemical  structure.  Thus  the  formula  of  the  Garnet  Group  is. 
II  III 

K3R,(Si04)»;  to  this  Sodalite  conforms  if  written  NH4(AlCl)Ala(Si04)9.  where  Na*  and  tlie 
bivalent  radical  AlCl  are  equivalent  to  Ra;  similarly  for  Noselile  (HaUyuile)  if  the  presence 
i»f  the  biyalent  group  NaSOi-Al  is  assumed. 

Ill  the  Helvite  Group,  which  is  characterized  by  the  tetrahedral  character  of  the  species 
i[>erhaps  true  also  of  the  Sodalites),  the  chemical  relation  is  less  close  but  probably  exists, 
as  exhibited  by  writing  the  formula  of  Helvite  (Mn,Fe)(MnsS)Be8(Si04)s,  where  the  bivalent 
group  -&-Mn-S-  enters,  and  8Be  may  be  regarded  as  taking  the  place  of  2A1. 


GARNBT. 

Isometric.  The  dodecahedron  and  trapezohedron,  n  (211),  the  common 
j^iinple  forms;  also  these  in  combination,  or  with  the  hexoctahedron  s  (321). 
Cubic  and  octahedral  faces  rare.  Often  in  irregular  embedded  grains.  Also 
massive;  granular,  coarse  or  fine,  and  sometimes  friable;  lamellar,  lamellaa 
thick  and  bent.     Sometimes  compact,  cryptocrystalline  like  nephrite. 


798. 
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800. 
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Parting:  d  sometimes  rather  distinct.  Fracture  subconchoidal  to  uneven. 
Brittle,  sometimes  friable  when  granular  massive;  very  tousch  when  compact 
cryptocrystalline.  H.  =  6'5-7-5.  G.  =  315-4*3,  varying  with  the  composi- 
tion. Luster  vitreous  to  resinous.  Color  red,  brown,  yellow,  white,  apple- 
green,  black;  some  red  and  green,  colors  often  bright.  Streak  white. 
Transparent  to  subtranslucent.  Often  exhibits  anomalous  double  refraction,, 
especially  grossularite  (also  topazolite,  etc.),  see  Art.  411.  Refractive  index 
rather  high,  thus  Wy  for: 


Grossularite  1-7645, 


Pyrope  1*7776, 


Almandite  1-7716. 
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II  III 

Comp.,  Tar. — An  orthosilicate  having  the  general  formula  R,K,(SiO,),  or 
3RO.K,08.3SiO,.  The  bivalent  element  may  be  calcium,  magnesium,  ferrous 
iron  or  manganese;  the  trivalent  element,  aluminium,  ferric  iron  or  chromium, 
rarely  titanium;  further,  silicon  is  also  sometimes  replaced  by  titanium. 

There  are  three  prominent  groups,  and  various  subdivisions  under  each, 
many  of  these  blending  into  each  other. 

I.  Aluminium  Oarnet,  including 

A.  Gbossulabite     Calcium-Aluminium  Garnet        Ca,Al,{SiOJ, 

B.  Pyrope  Magnesium-Aluminium  Garnet  Mg,Al,(SiOj, 

C.  Almandite  Iron-Aluminium  Garnet  Fe,Al,(SiO/), 

D.  Spessartite        Manganese-Aluminium  Garnet   Mn,Al,(SiO,), 
II.  Iron  Oarnet,  including 

E.  Andraditb         Calcium-Iron  Garnet  Ca,Fe,(SiO,), 
(1)  Ordinary.    (2)  Magnesian.   (3)  Titaniferous.   (4)  Yttriferous. 

III.  Chromium  Garnet, 

F.  TJvarovite  Calcium-Chromium  Garnet         Ca,Cr,(Si04)a 

The  Dame  Garuet  is  from  the  Latin  granutus,  meaning  like  a  grain,  and  directly  from 
pomegranate,  the  seeds  of  which  are  small,  numerous,  and  rod,  in  allusion  to  the  aspect  of 
the  crystals. 

A.  Grossularite.  Essonite  or  Hessonite.  Cinnamon-stone.  Calcifnn- 
(tlumininm  Garnet,  Formula  3CaO.Al,0,.3SiO,  =  Silica  40  0,  alumina  2:^-7. 
lime  37*3  =  100.  Often  containing  ferrous  iron  replacing  the  calcium,  ami 
ferric  iron  replacing  aluminium,  and  hence  graduating  toward  groups  C  an-i 
E.  G.  =  3  55  to  3*66.  Color  (a)  colorless  to  white;  (b)  pale  green ;  (c)  aniber- 
and  honey-yellow;  (d)  wine-yellow, brownish  yellow, cinnamon-brown;  {e)  rose- 
red;  rarely  ( H  emerald-green  from  the  presence  of  chromium.  Often  shows 
optical  anomalies  (Art.  »11). 

The  original  groesulaHie  (wiluite  pt.)  included  the  pale  green  from  Siberia,  and  was  so 
named  from  the  botanical  name  for  the  gooseberry;  G.  =  3'42-3-72.  Ci?inamon -stone,  or 
essonite  (more  properly  hessonite),  included  a  cinnamon-colored  variety  from  Ceylon,  these 
culled  hyacinUi;  but  uiwler  this  nnme  the  yellow  and  yellowish-red  kinds  are  usually 
included;  named  from  tfccoav,  infeiHor,  because  of  less  hardness  thitn  the  true  hyacintii 
which  it  resembles.  Succinite  is  an  amber-colored  kind  from  the  Ala  valley.  Piedmont. 
Bomamovite  is  brown. 

Pale  green,  yellowish,  and  yellow- brown  garnets  are  not  invariably  grossularite;  some 
(including  topazolite,  demantoid,  etc.)  belong  to  the  group  of  Calcium-Iron  Garuet,  or 
Audrnditc. 

B.  Pyrope.  Precious  garnet  pt.  Magnesium-aluminium  Garnet.  For- 
mula 3MgO.Al,0..3SiO,  =  Silica  44-8,  alumina  25*4,  magnesia  29-8  =  loO. 
Magnesia  predominates,  but  calcium  and  iron  are  also  present;  the  original 
pyrope  also  contained  chromium.  G.  =  3*70-3-75.  Color  deep  red  to  nearly 
black.  Often  perfectly^  transparent  and  then  prized  as  a  gem.  The  name 
pyrope  is  from  Trvpajn 6?, fire-like. 

Rhodolite,  of  delicate  shades  of  pale  rose-red  and  purple,  brilliant  by  reflected  lis^bt. 
corresponds  in  composition  to  two  parts  of  pyrope  and  one  of  almandite;  from  Macon  Co  . 
N.  C. 

C.  Almandite.  Almandine.  Precious  garnet  jpt.  Common  garnet  pt. 
Iron-aluminium  Garnet,  Formula  3FeO.Al,0,.3SiO,  =  Silica  36-2,  alumina 
20*5,  iron  protoxide  43'3  =  100.  Ferric  iron  replaces  the  aluminium  to  a 
greater  or  less  extent.     Magnesium  also  replaces  the  ferrous  irou,  and  thus 
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it  graduates  toward  pyrope,  cf.  rhodolite  above.  G.  =  3'9-4'2.  Color  fine 
deep  red,  transparent,  in  precious  garnet;  brownish  red,  translucent  or  sub- 
translucent,  in  common  garnet;  black.  Part  of  common  garnet  belongs  to 
Andradite, 

Tlie  A]abnudic  carbuucles  of  Pliny  were  so  called  because  cut  and  polished  at  Alabanda. 
Hence  tlie  Dame  almandiue  or  almaudile,  uow  iu  use. 

D.  Spessartite.  Spessartine.  Mangajiese-cduminium  Garnet.  Formula 
:3MuO.A],0,.3SiO,  =  Silica  36*4,  alumina  20*6,  manganese  protoxide  43  0  = 
KA).  Ferrous  iron  replaces  the  manganese  to  a  greater  or  less  extent,  and 
ferric  iron  also  the  aluminium.  6.  =  4'0-4"3.  Color  dark  hyacinth-red, 
sometimes  with  a  tinge  of  violet,  to  brownish  red. 

E.  Andradite.  Common  Garnet,  Black  Garnet,  etc.  Calcium-iron 
(rarfiet.  Formula  3CaO.Fe,0,.3SiO,  =  Silica  35-5,  iron  sesquioxide  31*5, 
lime  33'0  =  100.  Aluminium  replaces  the  ferric  iron;  ferrous  iron,  manga- 
nese and  sometimes  magnesium  replace  the  calcium.  G.  =  3'8-3'9.  Colors 
various:  wine-,  topaz-  and  greenish  yellow,  apple-green  to  emerald -green; 
brownish  red,  brownish  yellow;  grayish  green,  dark  green;  brown;  grayish 
black,  black. 

Named  AndradiU  after  the  Portuguese  mineralogist,  d'Andrada,  who  in  1800  described 
nnd  iiatned  one  of  the  included  subvarieties,  Allochroite.  Cheuiically  there  are  the  follow- 
ing varieties: 

1.  Simple  Calcium-iron  Qarnet^  in  which  the  protoxides  are  wholly  or  almost  wholly 
lime.  Includes:  (a)  Topazoliiet  having  the  color  and  transpitrciicy  of  topaz,  and  ii1k> 
.<^ometimes  green;  crystals  often  showing  a  vicinal  hezoctabedron.  Ltmantoid^  a  gniss-gieen 
to  emerald-green  variety  with  brilliant  diamond-like  luster,  used  as  a  gem.  (6)  Colop/ioniie, 
n  course  granular  kind,  brownish  yellow  to  dark  reddish  brown  in  a)lor,  resinous  in  luster, 
aitd  usually  with  iridescent  hues;  named  after  the  resin  colophony,  (c)  ifeluniie  (from 
vAtr?.  black),  black,  either  dull  or  lustrous;  but  all  bhick  garnet  is  i:ol  here  included. 
Pyreneiie  is  grayish  black  melanite.  (d)  Durk  green  ganiet,  not  distinguishable  from  some 
allochroite,  except  by  chemical  triuls. 

2.  Manganeiian  Calcinm-iron  Oarnet.  (a)  RoVioffite.  The  original  allochroiU  was  a 
i>  anganesian  iroD-garnet  of  brown  or  reddish- brown  color,  and  of  fine-grained  mn>sive 
>tiuciure.  HoilioMte,  from  L&ugbau,  is  similar,  yellowish  brown  to  liver-brown.  Other 
ctimmon  kinds  of  manganesian  iron-garnet  are  light  and  dark,  dusky  green  and  black,  and 
<.ften  in  crystals.  '  Polyadelphite  is  a  mnaaive  brownish-yellow  kind,  from  Fianklin  Furnace, 
X.  J.  Bredbergiie^  from  Sala,  contains  a  large  amount  of  magnesia,  (h)  Aplcme  (properly 
iiuplome)  has  its  dodecahedrai  faces  striated  parallel  to  the  shorter  diagonal,  whence  Hally 
it  ferred  that  the  fundamental  form  was  the  cube;  and  as  this  form  is  simpler  than  the 
<l«Mk'cahedr<)n,  he  gave  it  a-  name  derived  from  aVAdo?,  simple.  Color  of  the  original 
aiilome  (of  unknown  locality)  dark  brown;  also  found  yellowish  green  and  brownish  green 
at  8rhwarze?ibergin  Saxony,  and  on  the  Lena  in  Siberia. 

.S.  Titanifsrou^.  Contains  titanium  and  probably  both  TiOa  and  TiaOa;  formula  hence 
3CaO.(Fe.Ti,  Al)»0,.3(Si,Ti)0,.     It  thus  graduates  toward  schorlomite.     Color  black. 

4.  yitr\ferou$  CaUium-iron  Oarnet;  YUergranat,  Contains  yitrla  iu  smull  amount; 
run-. 

F.  UvAROViTE.  Oiivarovite.  Uwarowit.  Calcium- cJiromium  Garnet, 
Formula  3CaO.Cr,0,.3SiO,  =  Silica  35*9,  chromium  sesquioxide  30*6,  lime 
:;3-5  =  100.  Aluminium  takes  the  place  of  the  chromium  in  part.  H.  =  T'5. 
G.  =  3-41-3-52.     Color  emerald-green. 

Pyr.,  etc. — Most  varieties  of  garnet  fuse  easily  to  a  light  brown  or  black  glass;  F.  =  8 
in  almandite,  spessartite,  grossularite,  and  allochroite;  3*5  in  pyrope;  but  uvarovite,  the 
ciiroin^-garnet.  is  almost  infusible,  F.  =  6.  Allochroite  and  almandite  fuse  to  a  magnetic 
L'.obiile.  Reictions  with  the  fluxes  vary  with  the  bases.  Almost  all  kinds  react  for  iron; 
htrong  manganese  reaction,  in  spessartite,  and  less  marked  in  other  varieties;  a  chromium 
reaction  in  uvarovite.  and  in  most  pyrope.  Some  varieties  are  partially  decompose*!  by 
nrids:  all  except  uvarovite  are  after  ignition  decomposed  by  hydrochloric  acid,  and  gen- 
erally with  separation  of  gelatinous  silica  on  evaporation.  Decomposed  on  fusion  with 
ulkuiiue  carbonates. 
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The  density  of  garnets  is  largely  dimiuisbed  by  fusion.  Thus  a  Greenland  garnet  fell 
from  3-90  to  805  on  fusion,  and  u  Vilui  grossularite  from  3'63  to  295. 

Diflf.— Cliaracterized  by  isometric  crystallization,  usually  in  isolated  crystals,  dodecalie- 
droDS  or  trapezohedrons;  massive  forms  rare,  then  usually  granular.  Also  distinguished  by 
hardness,  vitreous  luster,  and  in  the  common  kinds  the  fusibility.  Vesuvianite  fuses  more 
easily,  zircon  and  quartz  nre  infusible;  the  specific  gravity  is  higher  than  for  tourmaline, 
from  which  it  differs  in  form;  it  is  much  harder  than  sphalerite. 

Distinguished  in  thin  sections  by  its  very  high  relief;  lack  of  cleavage;  isotropic 
character;  usually  shows  a  pale  pink  color;  sometimes  not  readily  told  from  some  of  ilie 
spinels. 

Ob«. — QrossuUirite  is  especially  characteristic  of  metamorphosed  impure  calcareous 
rocks,  whether  altered  by  local  igneous  or  general  metamorphic  processes;  it  is  tiius 
commonly  found  in  the  contact  zone  of  iutruded  igneous  rocks  and  in  the  crystalline  schisi^. 
Almandite  is  characteristic  of  the  mica  schists  and  metamorphic  rocks  containing  nluiuin.i 
and  iron ;  it  occurs  also  in  some  igneous  rocks  as  the  result  of  later  dynamic  and  metauioi- 
phic  processes;  it  forms  with  smaragdite  the  rock  eclogite.  Pyrope  is  especially  character- 
istic of  such  basic  igneous  rocks  as  are  formed  from  magmas  containing  much  m.-ignesia 
and  iron  with  little  or  no  alkalies,  as  the  peridotites,  duuites,  etc.;  also  found  in  iLe 
serpentines  formed  from  these  rocks;  then  often  associated  with  spinel,  chromite,  etc. 
BpessartiU  occurs  in  granitic  rocks,  in  quartzite,  in  whetstone  schists  (Belgium):  it  lius 
been  noted  with  topaz  in  lithophyses  in  rhyolitc  (Colorado).  The  black  variety  of  andnuliie, 
melanite,  is  common  in  eruptive  rocks,  especially  with  nephelite,  leucite,  thus  in  phouoiiti^ 
QQM  leucitophyres,  nephelinites;  in  sucli  cases  often  litanifer- 

'  ous  or  associated  with  a  titaniferous  garnet,  sometimes  in 

zonal  iutergrowlh;  it  also  occurs  as  a  product  of  contact 
metamorphism.  Demantoid  occurs  in  serpentine.  Umro- 
vite  belongs  particularly  with  chromite  in  serpentine;  it 
occurs  also  in  granular  limestone. 

€kirnet  crystals  often  contain  inclusions  of  foreign 
matter,  but  only  in  part  due  to  alteration;  a  ..  vesuvianire. 
calcile  epidote,  quartz  (Fig.  472,  p.  141);  at  times  the 
garnet  is  a  mere  shell,  or  perimorph,  surrounding  a  nuclensi 
of  another  species.  A  black  garnet  from  Areudal,  Nor- 
way, contains  both  calcite  and  epidote:  crystals  fix)fu 
Tvedestrand  are  wholly  calcite  within,  there  being  but  a 
thin  crust  of  garnet.  Crystals  from  East  "Woinistock, 
Maine,  are  dodecahedrons  with  a  thin  shell  of  cinnn- 
mon-stoue  enclosing  calcite;  others  from  Raymond,  Me., 
show  successive  7ayers  of  garnet  and  calcite.     Many  such  cases  have  been  noted. 

Garnets  are  often  altered,  thus  to  chlorite,  serpentine;  even  to  limoniie.  Crystals  of 
pyrope  are  sometimes  surrounded  by  a  chloritic  zone  (kelyphite  of  Schrauf)  not  homoge- 
neous, as  shown  in  Fig.  804. 

Among  prominent  foreign  localities  of  garnets,  besides  those  already  mentioned,  are  the 
following — Grossulauite:  Fine  cinTiamon-stone  comes  from  Ceylon;  on  the  Mussa-Alp  in 
the  Ala  valley  in  Piedmont,  with  clinochlore  and  diopside;  at  Zermalt:  pale  yellow  at  Aiier- 
bach;  brownish  (romaiizomte)  at  Kimito  in  Finland:  honey-yellow  octahedrons  in  Elba;  pale 
greenish  from  the  banks  of  the  Vilui  in  Siberia,  in  serpentine  with  vesuvianite:  also  from 
Cziklowa  and  Orawiiza  in  the  Banat;  with  vesuvianite  and  wollastonite  in  ejected  masses^  at 
Vesuvius;  in  white  or  colorless  crystals  in  Tellemark,  in  Norway;  also  dark  brown  at  Mudgee, 
New  South  Wales;  dark  honey-yellow  at  Guadalcazar,  and  clear  pink  or  rose-i-ed  dodeca- 
hedrons at  Morelos.  Mexico. 

Pyhopb:  In  serpentine  (from  peridotite)  near  Meronitz  and  the  valley  of  Krems,  in 
Bohemia  (used  as  a  gem);  at  ZOblitz  in  Saxony;  in  the  Vosges;  in  the  diamond  diggings  of 
South  Africa  ("Cape  rubies").  Almanditk:  Common  in  gniuite,  gneiss,  eclogite,  etc., 
in  many  localities  in  Saxony,  Silesia,  etc.;  at  Eppenreuth  near  Hof,  Bavaria;  in  large 
dodecahedrons  at  Falun  in  Sweden  ;  hyacinth-red  or  brown  in  the  Zillerthal,  Tyrol. 
Precious  garnet  comes  in  tine  crystals  from  Ceylon,  Pegu,  British  India,  Brazil,  and  Green- 
land. Spessautite:  From  Asehaffenburg  in  the  Spessart,  Bavaria;  at  St.  Marcel,  Pied- 
mont: near  Chanteloube,  Haute-Vienne,  etc. 

Andradite:  The  beautiful  green  detnantoid  or  '*  Ural  Ian  emerald  "  occurs  in  transparent 
greenish  rolled  pebbles,  also  in  crystals,  in  the  gold  washings  of  Nizhni-Tagilsk  in  the  Ural: 
green  crystals  occur  at  Schwarzenberg,  Saxony;  brown  to  green  at  Morawitza  and  Dognacska; 
emerald-green  at  Dobschau;  in  the  Ala  valley.  Piedmont,  the  yellow  to  greenish  topaeoiiU. 
Allochroite,  apple-green  and  yellowish,  occurs  at  Zermatt;   black  crystals  (melanite),  also 
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Idown,  at  Vesuvius  on  Mte.  Soinnia;  near  Bareges  in  the  Hautes-Pyrenees  {pyreneite). 
Aplome  occurs  at  Schwarzeuberg  iu  Saxuuy,  in  brown  to  black  crystals.  Other  localities  are 
Pmschthal.  Tyrol;  L&ngban,  Sweden;  Pitkftranta,  Finland;  Areudul,  Norway.  Uvakovite: 
Found  at  Saranovskaya  near  Bisersk,  also  in  tbe  vicinity  of  Kyshtymsk,  Urnl.  iu  chromic 
iron;  at  JordansmQbl,  Silesia;  Pic  Posets  near  Venasque  in  the  Pyrenees  on  chromite. 

In  N.  America,  in  Maine,  beautiful  crystals  of  cinnamon-stone  (with  vesuviauiie)  occur 
at  Parsonsfleld,  Phippsburg,  and  Rumford.  In  N.  Ilamp.,  at  Hanover,  small  clear  crystals 
in  srneiss;  at  Warren,  cinnamon  garnets;  at  Grafton.  In  Vei'mont,  at  New  Fane,  in  chlorite 
>l.'ite.  In  Ma$g  ^  in  gneiss  utBrookfield;  in  fine  dark  red  or  nearly  black  trupezohedral 
crystals  at  Russell,  sometimes  very  large.  In  Conn. ,  trapezohedrons,  in  mica  slate,  at  Reading 
and  Monroe;  dodecahedrons  at  Southbury;  at  Haddam.  crystals  of  spessartite.  In  N.  York, 
brown  crystals  at  Crown  Point,  Essex  Co. :  colopbonitc  as  a  large  vein  at  Willsboro,  Essex 
Co.:  in  Middletown,  Delaware  Co..  large  brown  cryst. ;  a  cinnamon  variety  at  Amity.  In 
.V.  Jersey,  at  Franklin,  black,  brown,  yellow,  red,  and  green  dodecahedml  garnets;  also 
iiiur  the  Franklin  Yuxu^ce  {polyadelphite).  In  Penn.,  iu  Chester  Co.,  at  Pennsbury,  fine 
<lurk  brown  crystals;  near  Enauertown;  at  Chester,  brown;  in  Concord,  on  Green's  Creek, 
resembling  pyrope;  in  Leiperville,  red:  at  Mineral  Hill,  fine  brown:  at  Avondale  quarry, 
tine  hessonite;  uvarovite  at  Woods'  chrome  mine,  Lancaster  Co.  In  Virginia,  beautiful 
transparent  spessartite,  used  as  a  gem,  at  the  mica  mines  at  Amelia  Court-House.  In  N. 
f'aroUna.  fine  cinnamon-stone  at  Bakersville;  red  &:arnets  in  the  gold  washings  of  Burke, 
McDowell,  and  Alexander  counties;  rhodolite  in  Macon  Co.;  also  rained  near  Morgantown 
and  Warlich,  Burke  Co.,  to  be  used  as  "emery,"  and  as  "garnet- paper."  In  Kentucky, 
tine  pyrope  in  the  peridotite  of  Ellis  Co.  In  Arkansas,  at  Magnet  Cove,  a  titaniferous 
tiiclanite  with  schorlomite.  Large  dodecahedral  crystals  altered  to  chlorite  occur  nt  the 
Sjnirr  Mt.  iron  mine,  Lake  Superior.  In  Colorado,  at  Nathrop,  fine  spessartite  crystals  in 
liiliophyses  in  rhyolitc;  in  large  dodecahedral  crystals  at  Ruby  Mt.,Salida,  Chaffee  Co., 
tiie  exterior  altered  to  chlorite.  In  Arieona,  yellow-green  crystals  in  the  Gila  caflon ;  pyrope 
on  the  Colorado  river  in  the  western  part  of  the  territory.  New  Mexico,  fine  pyrope  on  the 
Navajo  reservation  with  chrysolite  and  a  chrome-pyroxene.  In  California,  green  with  copper 
ore.  Hope  Valley,  El  Dorado  Co.;  uvarovite,  in  crystals  on  chromite,  at  New  Idria.  Fine 
crystals  of  a  rich  red  color  and  an  inch  or  more  in  diameter  occur  in  the  mica  schists  at 
Fort  Wrangell,  mouth  of  the  8ti<'keen  R.,  in  Alaeka. 

In  Canada,  at  Marmora,  dark  red:  at  Grenville,  a  cinnamon- stone;  an  emerald-green 
cbrome-garnet,  at  Orford,  Quebec,  with  millerite  and  calcite;  fine  colorless  to  pale  olive- 
L'reeii,  or  brownish  crystals,  at  Wakefield,  Ottawa  Co..  Quebec,  with  white  pyroxene, 
i.oney-^'ellow  vesuvianite,  etc.,  also  others  bright  green  carrying  chromium;  dark  red  garnet 
in  the  townships  of  Villeneuve  (spessartite)  and  Templeton. 

Schorlomite.  Probably  analogous  to  garnet,  8CaO.(Fe,Ti),Os.8(Si,Ti)Oa.  Schorlamit. 
Usually  massive,  black,  with  conchoidal  fracture  and  vitreous  luster.  H.  =  7-7  5.  G.  = 
3  81-3 '88.    From  Magnet  Cove,  Arkansas. 


Partschinite.  (Mn,Fe)sAlsSisOi9  like  spessartite.  In  small  dull  crystals  (monoclinlc). 
H.  =  6*5-7.  G.  =  4-006.  Color  yellowish,  reddish.  From  the  auriferous  sands  of  OUhpian, 
Transylvania. 

Agzicolite.  Same  as  for  eulytite,  Bi4SiaOis,  but  monoclinic.  In  globular  or  semi- 
globular  forms.    From  Johanngeorgenstadt. 
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The  Chrysolite  Group  includes  a  series  of  orthosilicates  of  magnesium, 
calcium,  iron  and  manganese.  They  all  crystallize  in  the  orthorhombic  s\  sti m 
with  but  little  variation  in  axial  ratio.  The  prismatic  angle  is  about  5()\  av.\ 
that  of  the  unit  brachydome  about  (30°;  corresponding  to  the  latter  threefold 
twins  are  observed.  The  type  species  is  chrysolite  (or  olivine),  which  contaii  f 
both  magnesium  and  iron  in  varying  proportions  and  is  hence  intermediate 
between  the  comparatively  rare  magnesium  and  iron  silicates. 

In  form  the  species  of  the  Cbrysoliie  Group,  R^SiO^,  are  closely  related  in  angle  i- 
Chrysoberyl,  BeAUOi]  also  somewhat  less  closely  to  the  species  of  the  Diaspore  Grout •, 
HaAUO^,  etc.  Cf.  Brfigger.  Zs.  Kryst.,  18.  377,  1^90.  There  is  also  an  interesting  relati-  n 
between  the  chrysolites  and  the  huniites  (see  p.  448) 
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Twins  rare:  tw.  pi.  h  (Oil)  with  cc  =  r^o 
47',  penetration-twins,  sometimes  repeated: 
tw.  pi.  w  (012),  the  vertical  axes  crossing  at  nn 
angle  of  about  30°,  since  cc  =  32°  41'.  Crvstalc- 
often  flattened  \\  a  or  b  (cf.  Fig.  62,  p.  27),  it- 
commonly  elongated  ||  d.  Massive,  compact,  or  granular;  in  embedded  grains. 
Cleavage;  ^  rather  distinct;  a  less  so.  Fracture  conchoidal.  Brittle.  U  = 
6'5-7.  G.  =  3*27-3'37,  increasing  witii  the  amount  of  iron;  3*57  for  hyalosiiier- 
ite  (30  p.  c.  FeO).  Luster  vitreous.  Color  green— commonly  olive-green,  sonu-- 
times  brownish,  grayish  red,  grayish  green,  becoming  yellowish  brown  or  rto 
by  oxidation  of  the  iron.  Streak  usually  uncolored,  rarely  yellowish.  Trans- 
parent to  translucent.  Optically  +.  Ax.  pi.  ||  c.  Bx  _L  (f-  Dispersion  fj  <  . 
weak.     2H^r  =  105°  58'.     Pj  =  1-678.     Birefringence  high,  y  -  a  =  0-():i<3. 

Var. — Precious.— Of  a  pale  yellowish -green  color,  and  Iranspareul.  G.  =  3'441,  3  .T)!. 
Occasionally  seen  in  masses  as  large  as  *'a  tiirlcey's  egg,*'  but  usually  mucb  smaller.  It 
has  long  been  brought  from  the  Levant  for  jewelry,  but  the  exact  locality  is  not  known. 

Common;  Olivine. — Dark  yellowish  green  to  olive-  or  bottle-green.  G.  =  8  26-3  40. 
Disseminated  in  crystals  or  grains  in  basic  igneous  807. 

rocks,  basalt  and  basaltic  lavas,  etc.      Uyalosiderite  .^ 

is  a  highly  ferruginous  variety. 

Comp.— (Mg.Fe),SiO,  or  2(Mg,Fe)O.SiO,. 
The  ratio  of  Mg  :  Fe  varies  widely,  from 
16  :  1,  12  :  1,  etc.,  to  2  :  1  in  hyalosiderite, 
and  hence  passing  from  fosterite  on  the  one 
side  to  fayalite  on  the  other.  No  sharp  line  ** 
can  be  drawn  on  either  side.  Titanium 
dioxide  is  sometimes  present  replacing  silica; 
also  tin  and  nickel  in  minute  quantities. 

P3rr.,  etc. — B.B.  whitens,  but  is  infusible  in  most 
cases;  hyalosiderite  and  other  varieties  rich  in  iron 
fuse  to  a  black  magnetic  globule;  some  kinds  turn 
red  upon  heating.     With  the  fluxes  gives  reactions  for  iron 


S'^mp  vnrietips  cive  rractior^; 
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for  titanium  and  maugaDese.  Decomposed  by  hydrochloric  and  sulphuric  acids  with 
separation  of  gelatinous  silica. 

Diff. — Characterized  by  its  infusibility,  Ihe  yellow-gi*eeu  color,  grunular  form  and 
cleavage  (quartz  has  none). 

Recognized  in  thin  sections  by  its  high  relief;  lack  of  color;  its  few  but  marked  rough 
cleavage-cracks;  high  interference-colors,  which  are  usually  the  brilliant  and  pronounced 
toues  of  the  second  order;  parallel  extinction;  biaxial  character;  characteristic  outlines 

80a  809.  810. 


Olj/^^ 


010 

X 

010 

\ 

/ 

ioi> 


100 


t^ 


.101 


Too 


->e 


811. 


(usually  with  acute  terminations)  when  in  distinct  crystals  (Figs.  807-809),  its  frequent 
ajisociation  with  iron  ore  and  audte,  and  its  very  common  alteration,  in  a  greater  or  lesser 
degree,  to  serpentine,  the  first  stages  being  marked  by  the  separation  of  iron-ore  grains 
aluui;  the  lines  of  fracture  (Fig.  810). 

6bs. — Chrysolite  (olivine)  has  two  distinct  methods  of  occurrence:  (a)  in  igneous  rocks, 
Hs  basalt,  formed  by  the  crystallization  of  magmas  low  in  silica  and  rich  in  magnesia;  from 
an  accessory  component  in  such  rocks  the  olivine  may  increase  in  amount  until  it  is  the 
main  rock  constituent  as  in  the  dunites;  also  (b)  as  the  product  of  metamorphism  of  certain 
sedimentary  rocks  containing  magnesia  and  silica,  as  in  impure  dolomites.  In  the  dunites 
and  peridotites of  igneous  origin  the  chrysolite  is  commonly  associated  with  chromite,  spinel, 
pyrope,  etc.,  which  are  valuable  indications  also  of  the  origin  of  serpentines  derived  from 
olivine.  In  the  metamorphic  rocks  the  above  are  wanting,  and  carbonates,  as  dolomite, 
brcunuerite,  magnesite,  etc..  are  the  common  associations;  chrysolitic  rocks  of  this  latter 
kind  may  also  occur  altered  to  serpentine. 

Chrysolite  also  occurs  in  grains,  rarely  crystals,  embedded  in  some  meteoric  irons.  Also 
present  in  meteoric  stones,  frequently  in  spherical  forms,  or  chondrules,  sometimes  made 
up  of  a  multitude  of  grains  with  like  (or  unlike)  optical  orientation 
enclosing  glass  between  (Fig.  811). 

Among  the  more  prominent  localities  are :  Vesuvius  in  lava 
:ind  on  Monte  Somma  in  ejected  masses,  with  aui^ite.  mica,  etc. 
Observed  in  the  so-called  sinidine  bombs  at  the  Laacher  See;  at 
Forstberff  near  Mayen  in  the  Eifel  and  formingthe  mass  of  "olivine 
linmbs"iu  the  Dreiser  Weiher  near  Daun  in  the  same  region:  at 
Sasbach  in  the  Kaiserstuhl.  Baden  (hyalonderite).  In  Sweden, 
with  ore-deposits,  as  at  L&ngban.  Pajsberg,  Pei-sberg.  etc.  In 
terpentine  at  Snarum,  Norway,  in  large  crystals,  themselves 
ri.iered  to  the  same  mineral.  Common  in  the  volcanic  rocks  of 
Sicily,  the  Sandwich  Islands,  the  Azores,  etc. 

In  the  U.  S.,  in  Thetford  and  Norwich,  Vermont,  in  boulders 
of  coarsely  cryst.  basalt,  the  crystals  or  masses  several  inches 
through.  In  ollvine-gabbro  of  Waterville,  in  the  White  Mts  . 
N.  H.;  at  Webster,  in  Jackson  Co..  N.  C.  with  serpentine  and 
chromite:  with  chromite  in  Loudon  Co.,  Va. ;  in  Lancaster  Co., 
Pa.  In  small  clear  olive-green  grains  with  garnet  at  some  points  in  Arizona  and  New 
Mexico.  In  basalt  in  Canada,  near  Montreal,  at  Rougemont  and  Mounts  Royal  and  Mon- 
tarviUe,  and  in  eruptive  rocks  at  other  points. 


Chrysolite  rhondrule 
from  the  Knyahinya 
meteorite  (xlO  diam.). 
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Alteration  of  chrysolite  often  takes  place  through  the  oxidation  of  the  iron;  the  mineral 
becomes  browuisU  or  reddish  l>rowu  and  iridescent.  The  process  may  end  in  leaving  iiitr 
cavity  of  the  crystal  filled  with  liuiouite  or  red  oxide  of  iron.  A  very  oommon  kiuu  uf 
alteration  is  to  the  hydrous  magnesium  silicate,  serpentine,  with  the  pariiai  removal  of  the 
iron  or  its  separation  in  the  form  of  grains  of  nuiguetite,  also  as  iron  sesquioxide;  liiu 
change  has  often  taken  place  on  a  large  ^cale.     See  further  under  serpentine,  p.  477. 

Chrysolite  is  named  from  ;t/^f  o'J>,  gold,  and  A/9o?.  The  hyalosiderite,  from  6aXo':, 
fflass,  aud  aid7/poi,  iron.  The  chrj/solit/itu  of  Pliny  was  probably  our  topaz;  and  hia  lop'i: 
our  chrysolite, 

Iddingsite.  From  the  rock  carmeloite  of  Carmelo  Bay,  California;  a  silicate  resemblin: 
au  altered  chrysolite,  exact  composition  uudetermined.  Orthorhombic,  foliated  and  cleavablc. 
O.  =  2-839.     Color  brown. 

The  axial  ratios  of  the  other  members  of  the  Chrysolite  Group  are  given  in  the  table  on 
p.  419.     The  species  are  briefly  chai-acterized  as  follows: 

Monticellite.  CaMgSi04.  Occurs  in  colorless  to  gray  crystals  ou  Mte.  8omma ;  in 
masses  (batrachite)  ou  Mt.  Monzoui,  Tyrol;  iu  ciystals  or  grains  in  limestone  at  Magnet 
Cove.  Arkansas.     G.  =  3  03-3-25. 

Foraterite.  MgaSi04.  Occurs  in  white  crystals  at  Vesuvius;  in  greenish  or  yellowi.-.. 
•embedded  grains  at  Bolton,  Miuss.  (holtonite).    G.  =  3*21-3  38. 

Hortonolite.  (Fe.Mg,Mn)a8i04.  In  rough  dark-colored  crystals  or  masses.  Occurs  ic. 
the  iron  mine  of  Monroe,  Orange  Co.,  N.  Y.     G.  =  3  91. 

Fayalite.  FcaSiO*.  From  the  Mourne  Mts.,  Ireland;  the  Azores;  the  Yellowstone  Park; 
Rockport,  Mass.,  etc.     Crystals  and  massive,  brown  to  black  on  exposure.     G.  =  4*1. 

Knebelite.     (Fe.Mn),SiO«.     From  Danuemora,  and  elsewhere  in  Sweden.     G.  =  4  1. 

Tephroite.  Mn98i04;  also  with  zinc,  in  the  \9x\e\y  roepperite.  From  Sterling  Hill  and 
Franklin  Funiace,  N.  J. ;  also  from  Sweden.     Color  flesh-red  to  ash-gray.     G.  =  4*1. 


Phenacite  Group.     R,SiO^.     Tri-rhombohedral. 

rr'  b 

WiUemite  Zn,SiO,  64°  30'        0-6775 

Troostite  (Zn,Mn),SiO, 

Phenacite  Be,SiO,  63°  24'       0-6611 

The  Phenacite  Group  includes  the  above  orthosilicates  of  zinc  (man- 
ganese) and  beryllium.  Both  belong  to  the  tri-rhombohedral  group  of  the 
trigonal  division  of  the  hexagonal  system,  and  have  nearly  the  same  rhombo- 
hedral  angle.  The  rare  species  trimerite,  MnSiO,.BeSiO,,  which  is  pseudo- 
hexagonal  (trlclinic)  is  probably  to  be  regarded  as  connecting  this  group  with 
the  preceding  Chrysolite  Group. 

The  following  rare  species  are  related: 

Dioptase  H,CuSiO,  Tri-rhombohedral 

Friedelite  H,(MnCl)Mn,(SiO,), 

Pyrosmalite        H,((Fe,Mn)Cl)(Fe,Mn),(SiO,), 

These  species  are  very  near  to  each  other  in  form,  as  shown  in  the  above  axial  ratio*: 
they  further  approximate  to  the  species  of  the  Phenacite  Group  proper.     They  are  als. 
closely  related  among  themselves  In  composition,  since  they  are  all  acid  orthosilicates,  and 
have  the  general  formula  HjRSiO*  =  HeR4(8i04)4.  where  {p.g.  for  Friedelite)  in  the  latter 
form  the  place  of  one  hydrogen  atom  is  taken  by  the  univalent  radical  (MnCl). 

WnjLBBflaTE. 

Tri-rhombohedral.     Axis  b  =  06775;  rr'  =  64°  30';  m'  =  36°  47'. 

In  hexagonal  prisms,  sometimes  long  and  slender,  again  short  and  stout: 
rarely  showing:  subordinate  faces  distributed  according  to  the  phenacite  type. 
Also  massive  and  in  disseminated  grrains;  fibrous. 

Cleavage:  c  easy,  Moresnet;  diflRcult,  N".  J.;  a  easy,  N.J.  Fracture  con- 
•choidal   to  uneven.      Brittle.      H.  =  5*5.      G.  =  3-89-4-18.     Luster   vitreo- 


54°    5' 

1: 
0-5342 

56°  17' 

0-56-2-4 

53°  49' 

O-5.30S 
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resinous,  rather  weak.     Color  white  or  greenish  yellow,  when  purest;  apple- 
green,  flesh-red,  grayish  white,  yellowish  brown;    often   dark   brown   when 


812. 


813. 


814. 


816. 


Figs.  812-814,  New  Jersey,     e  (0il2).  a  (ll23),  u  (2118),  x  (3121). 

impure.  Streak  uncolored.  Transparent  to  opaque.  Optica%  +.  Bire- 
fringence high. 

Comp.— Zinc  orthosilicate,  Zn,SiO,  or  ^ZnO.SiO,  =  Silica  270,  zinc  oxide 
73*0  =  100.  Manganese  often  replaces  a  considerable  part  of  the  zinc  (in 
Irooslite),  and  iron  is  also  present  in  small  amount. 

Pyr.,  etc.— B.B.  in  the  forceps  glows  and  fuses  with  difficulty  to  a  wliite  enamel;  the 
varieties  from  New  Jersey  fuse  from  3*5  to  4.  The  powdered  mineral  on  cbarcoal  in  R.F. 
^ives  a  coaling,  yellow  while  bot  and  white  on  cooliuir,  wbicb.  moistened  with  solution  of 
robalt,  and  treated  in  O.F.,  is  colored  bright  green.  With  soda  the  coating  is  more  readily 
obtained.     Decomposed  by  hydrochloric  acid  with  separation  of  gelatinous  silica. 

Obs  —From  Altenberg  near  Moresnei;  at  Stolberg,  near  Aix-la-Chapelle.  In  New 
Jersey  at  Mine  Hill.  Franklin  Furnace,  and  at  Sterling  Hill,  two  miles  distant.  Occurs 
with  zincite  and  franklinite,  varying  in  color  from  white  to  pale  honey -yellow  and  light 
prten  to  dark  ash-gray  and  flesh-red;  sometimes  in  large  reddish  cry 8{&\»itroostiie).  PSre 
at  the  Merritt  mine,  Socorro  Co.,  New  Mexico:  also  at  the  Sedalia  mine,  Salida,  Colo. 
Named  by  Levy  after  William  I.,  King  of  the  Netherlands. 

PHSNAOITB. 

Tri-rhombohedral.     Axis  i  =  0-6611;  rr'  =  63°  24'. 

Crystals  commonly  rhombohedral  in  habit,  often  lenticular  in  form,  the 
r>rism8  wanting;    also  prismatic,  ^le,  818. 

u)metime8  terminated  by  the 
liombohedron  of  the  third  series, 
r  (.«ee  further,  pp.  80-82). 

Cleavage:  a  distinct;  r  im- 
)erfect.  Fracture  conchoidal. 
brittle.  H.  =  7-5-8.  G.  =  297- 
100.  Luster  vitreous.  Color- 
ess;  also  bright  wine -yellow, 
mle    rose-red;     brown.      Trans- 

Erent     to    subtranslncent.     Op- 
ally    4-.      coj  =  1-6540;    e,  = 
[•6697,  Framont. 

Comp. — Beryllium      orthosili- 

Ete,    Be.SiO,    or    2BeO.SiO,  = 
Ilea  54*45,  glucina  45-55  =  100. 
Pyr.,  etc.— Alone  remains  unaltered;  with  borax  fuses  with  extreme  slowness,  unless 


Florissant.  Colo.  Mt,  Antero,  Colo  ,  Pfd. 
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pulverized,  to  a  transpareDt  glass.  With  soda  affords  a  white  eoamel;  with  more,  iotc- 
mesces  and  becomes  iu fusible.     Dull  blue  with  cobalt  solution. 

Obs. — Occurs  at  the  emerald  aud  chrysoberyl  mine  of  Takovaya,  85  vtrsts  E.  of  Eku- 
terinburg;  also  in  the  Ilmen  Mts.,  near  Miask;  near  Framont  in  the  Vosges  Mts. ;  ai  ii.c 
Cerro  del  Merctido,  Durango,  Mexico. 

In  Colorado,  on  amazou-stoue.  at  Topaz  Butte,  near  Florissant,  16  miles  from  Pik  ^ 
Peak;  also  on  quartz  aud  beryl  at  Mt.  Antero,  Chaifee  county.  Named  from  (pei^^l 
a  deceiver,  in  allusion  to  its  having  been  mistaken  for  quartz. 


Trlmerite.  (Mn,Ca)sSi04.BesSi04.  In  thick  tabular  prismatic  crystals,  pseud- 
hexagonal  (tricHnic)  ia  form  and  angle.  H.  =  6-7.  G.  =  3*474.  Color  salmon-piuk  lo 
nearly  colorless  iu  small  ciystals.     From  the  Harstig  mine,  Wermland,  Sweden. 


819. 


Dioptase.  HaCuSiOi  or  HsO.CuO.8iOi.  Commonly  in  prismatic 
crystals  (m'  =  84**  88)')-  Also  in  crystalline  aggregates;  massive.  Cleav- 
age: r  perfect.  Fracture  conchoidal  to  uneven.  H.  =  5.  G.  =  8*28- 
8'85.     Luster  vitreous.     Color  emerald-green. 

Occurs  in  druses  of  well-defined  crjrstals  on  quartz,  occupying  seams 
in  a  compact  limestone  west  of  the  hill  of  Altyn-TQbe  in  the  Kirehese 
Steppes;  in  the  gold  washings  at  several  points  in  Siberia;  at  Rczbanya, 
Hungary.  From  Copiapo,  Chili,  on  quartz  with  other  copper  ores.  In 
fine  crystals  at  the  Mine  Mindouli,  two  leagues  east  of  Comba,  iu  the 
French  Congo  State.  Also  at  the  copper  mines  of  Clifton,  Graham  Co., 
Arizona. 

Friedelite.  HT(MnCl)Mn4Si40t«.  Crystals  commonly  tabular  |  e; 
also  massive,  cleavable  to  closely  compact.  H.  =  4-S.  G.  =  3*07.  Color 
rose-red.     From  the  manganese  mine  of  Adervielle,  vallee  du  Lourou,  Hautes  Pyrenees. 

Pyroamalite.  HT((Fe,Mn)Cl)(Fe,Mn)48i40,«.  Crystals  thick  hexagonal  prisms  r 
tabular;  also  massive,  foliated.  H.  =  4-4-5.  G.  =  306-319.  Color  blackish  green  u> 
pale  liver-brown  or  gray..  From  the  iron  mines  of  Nordmark  in  Wermland;  Danuenitri 
Sweden. 


Scapolite  Group.         Tetragonal-pyramidal. 
Meionite  6  =  0-4393  Mizzonite,  Dipyre        6  =  0*4424 


Wernerite       6  =  0-4384 


Marialite 


6  =  0-4417 


Saroolite       ii  =  0-4437 


The  species  of  the  Scapolite  Group  crystallize  in  the  pyramidal  ^oup 
of  the  tetragonal  system  with  nearly  the  same  axial  ratio.  Tney  are  white  or 
grayish  white  iu  color,  except  when  impure,  and  then  rarely  of  dark  color 
Hardness  =  5-6-5;  G.  =  2-5-2-8.  In  composition  they  are  silicates  of  ah> 
minium  with  calcium  and  sodium  in  varying  amounts;  chlorine  is  also  ofte:. 
present,  sometimes  only  in  traces.  Iron,  magnesia,  potash  are  not  presei  t 
unless  by  reason  of  inclusions  or  of  alteration,  which  last  cause  also  explaij;> 
the  carbon  dioxide  often  found  in  analysis. 

The  Scapolites  are  analogous  to  the  Feldspars  in  that  they  form  a  serif- 
with  a  gradual  variation  in  composition,  the  amount  of  silica  increasing  witl« 
the  increase  of  the  alkali,  soda,  being  40  p.  c.  in  meionite  and  64  p.  c.  iii 
marialite.  A  corresponding  increase  is  observed  also  in  the  amount  «:* 
chlorine  present.  Furthermore  there  is  also  a  gradual  change  in  specific 
gravity,  in  the  strength  of  the  double  refraction,  and  in  resistance  to  aci^i.N 
From  the  easily  decomposed  meionite,  with  G.  =  2-72,  to  marialite,  whicli  > 
only  slightly  attacked  and  has  G.  =  2*63.     Tschermak  has  shown  that  the 
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rariation  in  composition  may  be  explained  by  the  assumption  of  two  funda- 
mental end  compounds,  viz. : 

Meionito  Ca,Al,Si.O„  Me 

Marialite  Na,Al,Si,0„Cl  Ma 

By  the  isomorphous  combination  of  these  compounds  the  composition  of 
lie  species  mentioned  above  may  be  explained ;  no  sharp  line  can,  however, 
)e  drawn  between  them. 

Optically  the  series  is  characterized  by  the  decrease  in  the  strength  of  the  double  ref  rac^ 
ion  in  (Missing  from  meionite  to  marialite.  Thus  (Lacroix)  for  meionite  od  —  e  =  0  086; 
or  typical  wernerile  008-0-02;  for  dipyre  0  015. 

The  tetragonal  species  melilite  and  gehlenite  are  near  the  Scapolites  in 
ugle.     The  more  common  vesuvianite  is  also  related. 


MZsioNrm. 

Tetragonal.  Axis  i  =  0*43925.  In  prismatic  crystals  (Fig.  179,  p.  60), 
itber  clear  and  glassy  or  milky  white;  also  in  crystalline  grains  and  massive, 
leavage:  a  rather  perfect,  m  somewhat  less  so.  Fracture  conchoidiil. 
brittle.  H.  =  5'5--6  G.  =  2 •70-2-74.  Luster  vitreous.  Colorless  to  white, 
mnsparent  to  translucent;  often  cracked  within.  Optically  — .  Double 
C'fraction  weak.     Indices,  Dx.:  cOy  =  1'594;  €y  =  1"558. 

Comp.— Ca,Al.Si,0„  or  4Ca0.3Al,0..6SiO.  =  Silica  40-5,  alumina  344, 
me  251  =  100. 

The  varieties  included  here  range  from  nearly  pure  meioDite  to  those  consisting  of 
leionite  and  maiialite  in  ihe  ratir)  of  8:1,  i.e..  Me :  Ma  =  8:1.  No  sharp  line  can  be 
rawn  between  meionite  and  the  following  species. 

Obs. — Occurs  in  small  crystals  in  cavities,  usually  in  limestone  blocks,  on  Monte 
:)iutua.     Also  in  ejected  masses  at  the  Laacher  See. 


WERNZSRITII.    Common  Scapolite. 

Tetragonal-pyramidal.     Axis  i  =  0*4384. 

Crystals  prismatic,  usually  coarse,  with  uneven  faces  and  often  large.  The 
mmetry  of  the  pyramidal  group  sometimes  shown  in  the  development  of  the 
<'es  z(311)  and  z^{l3\).  Also  massive,  granular,  or  with  a  faint  fibrous 
)pearance;  sometimes  columnar. 


820. 


821. 


h  m 


e^,  101  A  Oil  =  82"  Sy. 
rr'.  111  A  ill  «=  48'  45'. 
mr,  110  A  111  =  58"  12'. 
»/",  311  A  811  =  29°  48'. 

Cleavage:  a  and  m  rather  distinct. 
It  interrupted.  Fracture  subcon- 
toidal.  Brittle.  H.  =  5  -  6.  G.  = 
H*)-2-73.  Luster  vitreous  to  pearly 
ternally,  inclining  to  resinous;  cleav- 
e  and  cross-fracture  surface  vitreous. 
)lor  white,  gray,  bluish,  greenish,  and 
rldish,  usually  light;  streak  uncolored. 
eeiit.  Optically  — .  Birefringence  weak, 
•endal. 

Comp.,  Tar. — Intermediate  between  meionite  and  marialite  and  correspond- 
[T  to  a  molecular  combination  of  these  in  a  ratio  3  : 1  to  1:2.     The  silica 


Transparent  to  faintly  subtrans- 
Indices:  (w,  =  1*566,  e^  =  1*545 
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Taries  from  4G  to  54  p.  c,  and  as  its  amount  increases  the  soda  and  chloriL? 
also  increase.  Scapolites  with  silica  from  54  p.  c.  to  60  p.  c.  are  classed  wi:„ 
mizzonite;  they  correspond  to  Me  :  Ma  from  1  :  2  to  1 :  3  and  upwards. 

The  percentage  composition  for  a  common  compound  is  as  follows: 
Me  :  Ma  3  :  1       SiO,  4610       A1,0,  30-48      CaO  1910        Na«0  354        CI  101  =  liJ\r:k- 

P3rr..  etc.— B.B.  fuses  (easily  with  iDtumesceDce  to  awhiteblebby  glass.  Imperf&tlj 
decomposed  by  hydrochloric  acid. 

Diff.— Characterized  by  its  square  form  and  prismatic  cleavage  {90");  resembles  feld?ic' 
when  massive,  but  has  a  characteristic  fibrous  appearance  on  the  cleavage  surface;  it  is  u.- 
more  fusible,  and  has  a  higher  specific  gravity;  also  distinguished  by  fusibility  with  ini 
inescence  from  pyroxene  (wh.  see,  p.  887). 

Recognized  in  thin  sections  by  its  low  refraction;  lack  of  color;  rather  high  iulerfen-Lo- 
colors  reaching  the  yellows  and  reds  of  the  first  order,  sections  showing  which  extiueii^! 
pandlel  to  the  cleavage;  by  the  distinct  negative  axial  cross  of  basal  sections  which  sb<>B 
the  cleavage-cracks  crossing  at  right  angles. 

Obs. — ^Occurs  in  metamorphic  rocks,  and  most  abundantly  in  granular  limestone  lie.i' 
its  junction  with  the  associated  granitic  or  allied  rocks;  sometimes  in  beds  of  magiui.  i 
accompanying  limestone.  It  is  often  associated  with  a  light-colored  pyroxene,  amphilK»i  . 
garnet,  and  also  with  apatite,  titanite,  zircon;  amphibole  is  a  less  common  associate  tu!.:. 
pyroxene,  but  in  some  cases  has  resulted  from  the  alteration  of  pyroxene.  ^  Scapolitc  Li* 
been  shown  also  to  be  frequently  a  component  of  basic  igneous  rocks,  especially  lho>e  ri. .. 
in  plai^ioclases  containing  much  lime;  it  is  regarded  ns  a  secondary  product  through  ^ 
certain  kind  of  alteration. 

Prominent  localities  are  at  Pargas,  Finland,  where  it  occurs  in  limestone;  Arendnl : : 
Norway,  and  MalsjO  in  Wermland,  where  it  occurs  with  magnetite  in  limestone.  J-  * 
9auiie  is  from  Obernzell,  near  Pnssau,  in  Bavaria.  The  pale  blue  or  gray  scapoliie  fn  :- 
L.  Baikal,  Siberia,  is  called  glaucolite.  In  the  U.  8.,  occurs  in  Vermont,  at  MarlbonuiL'ii. 
massive.  lu  Ma»s.,  at  Bolton;  at  Chelmsford.  In  N,  Tork.  in  Orange  Co.,  Essex  Co. 
Lewis  Co.;  Gitisse  Lake.  Jefferson  Co.;  at  Gouvemeur,  in  limestone.  In  N.  Jersey,  t\ 
Franklin  and  Newton.     In  Penn.,  at  the  Elizabeth  mine,  French  Creek,  Chester  Co. 

In  Canada,  at  G.  Calumet  Id.,  massive;  at  Grenville;  Templeton;  Wakefield,  Ottji^a 
Co.     Scapolite  rocks  occur  at  several  points. 

Mizzonite.  Dipyre.  Here  are  included  scapolites  with  54  to  57  p.  c.  SiO,,  correspond- 
ing  to  a  molecular  combination  from  Me  ;  Ma  =  1 :  2  to  Me :  Ma  =  1 :  8.  MtesoniU  occ.irs 
in  clear  crystals  in  ejected  masses  on  Mte.  Sommtu 

Dipyre  occurs  in  elongated  square  prisms,  often  slender,  sometimes  large  and  coarse, 
limestone  and  crystalline  schists,  chiefly  from  the  Pyrenees;  also  in  diorite  at  Bamle,  N 
way;  Saint- Nazaire.  France;  Algeria.     Gouseranite  from  the  Pyrenees  is  a  more  ur  les 
altered  form  of  dipyre. 

Marialite.     Theoretically  Na4Al8Si90j4Cl,  see  p.  425.     The  actual  mineral  corresiwi. 
to  Me  :  Ma  =  1 :  4.     It  occurs  in  a  volcanic  rock  called  piperno,  at  Pianura,  near  Naple.^. 

Sarcolite.  (Ca.Na,).AU(8i04)3.  In  small  tetragonal  crystals.  H.  =6.  G.  =  2-545- 
2'982.     Color  flesh-red.     From  Monte  Sommn. 


MBLIUTE. 


or 


TetragonaL  Axis  <J  =  0*4548.  Usually  in  short  square  prisms  (a)  ,, 
octagonal  prisms  (a,  vi),  also  in  tetragonal  tables. 

Cleavage:  c  distinct;  a  indistinct.  Fracture  conchoidal  to  uneven 
Brittle.  H.  =  5.  G.  =  2-9-3'10.  Lnster  vitreous,  inclining  to  resinous, 
Color  white,  pale  yellow,  greenish,  reddish,  brown.  Pleochroism  distinct  in 
yellow  varieties.  Sometimes  exhibits  optical  anomalies.  Optically  — .  Bire« 
fringence  low.     Indices: 

Humboldtiliie      ew?  =  1-6812      ooy  =  1-6339      er  =  1*6262      Cj  =  V^l  Henniger 


II      HI 


11    111 
Comp.— Perhaps  R,,E,Si.O„  or  Na,(Ca,Mg)„(Al,Fe),(SiO,),  for  melili:^. 
If  Ca  :  Mg  =  8:3,  and  Al  :  Fe  =  1  :  1,  the  percentage  composition  is:  Silici 
377,  alumina  T'l,  iron  sesquioxide  11*2,  lime  31*3,  magnesia  8-4,  soda  43  = 
100,     Potassium  is  also  present. 
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P3rr..  etc. — ^B.B.  fu^es  at  8  to  a  yellowish  or  greenish  glass.  With  the  fluxes  reacts  for 
iroD.     Decomposed  by  hydrochloric  acid  with  gelutiuizatioii. 

Diff. — Distinguished  in  thin  sections  by  its  moderaie  refraction;  very  low  interference- 
colors,  showing  often  the  *' ultra  blue"  (Capo  di  Bove);  parallel  extinction;  negative  char- 
acter; usual  development  in  tables  parallel  to  the  base  and  very  common  '*pep  siructure** 
due  to  parallel  i-od-like  inclusions  penetrating  the  crystal  from  the  basal  planes  inward:  this, 
however,  is  not  always  easily  seen. 

Ob«. — Meliliie  is  a  component  of  certain  igneous  rocks  formed  from  magmas  very  low 
in  silica,  rather  deficient  in  ulkulies,  and  coniainiug  considerable  lime  and  uluminu.  In 
such  cases  melilite  appears  to  crystallize  in  the  place  of  tlie  more  acid  plagioclase. 

MeliliU  of  yellow  and  brownish  colors  is  found  at  Capo  di  Bove,  near  Koine,  in  lencito- 
phyre  with  nephelite,  augite,  hornblende:  at  Vesuvius  in  dull  yellow  crystals  {somervillite): 
not  uncommon  in  certain  basic  eruptive  rocks,  as  the  meliliie-basalts  of  Hoclibohl  near  Owen 
in  WUrtlemberff,  of  the  Schwabian  Alb,  of  GOrlilz,  the  Erzgtbirge;  also  in  ihe  uepheliie 
bsisalts  of  the  Ilegau,  of  Oahu,  Sandwich  Islands,  etc.;  perovskite  is  a  common  associate. 
Common  in  furnace  slags.     Melilite  is  named  from  ueXt,  honey,  in  allusion  to  the  color. 

HumholdtUiie  occurs  in  cavernous  blocks  on  Monte  Somma  with  greenish  mica,  also 
apatite,  augite;  the  crystals  are  often  rather  large,  and  covered  with  a  calcareous  coating; 
K'ss  common  in  transparent  lustrous  crystals  with  nephelite,  sarcolite,  etc.,  in  an  augitic 
n)ck.     Zurlits  is  impure  humboldtilite. 

Oehlenite.  CasAlaSisO,©.  Crystals  usually  short  square  prfsms.  Axis  h  —  0*4001. 
G.  =  2 -9-3  07.  Different  shades  of  grayish  green  to  liver-brown.  From  Mount  Monzoni, 
in  the  Fassathal,  in  Tyrol. 


VBSIJVIANmj.    Idocrase. 
Tetragonal.     Axis  i  =  0-5372. 

cs,  001  A  101  =  28'  15'. 

cp,  001  A  111  =  37*^  13i'. 

ct,  001  A  831  =  66"  18'. 

822. 


pp',  111  A  111  =  50'  Sy. 
M'»,  811  A8il  =  8r88'. 


823. 


824. 
PI    P 


826. 


826. 


^ 


Ala. 


Zermatt. 


V 


Sandford,  Me. 


Often  in   crystals,  prismatic  or    pyramidal.      Also  massive;    columnar, 
straight  and  divergent,  or  irregular;  granular  massive;  cryptocrystalline. 


428  DESCKIPTIVE  MINERALOGY. 

Cleavage:  m  not  very  distinct;  a  and  c  still  less  so.  Fracture  subcon- 
choidal  to  uneven.  Brittle.  H.  =  6*5.  G.  =  3-35-3-45.  Luster  vitreous; 
often  inclining  to  resinous.  Color  brown  to  green,  and  the  latter  frequently 
bright  and  clear;  occasionally  sulphur-yellow,  and  also  pale  blue.  Streak 
wliite.  Subtransparent  to  faintly  subtranslucent.  Dichroism  not  usually 
strong.  Optically  — ;  also  +  rarely.  Birefringence  very  low.  Sometimes  alh 
normally  biaxial.     Indices :  cOy  =  1-7235,  €j  =  1  -7226  Ala,  Osann. 

Comp.— A  basic  calcium-aluminium  silicate,  but  of  uncertain  formula; 
perhaps  Ca,[Al(OH,F)]Al,(SiO A.  Ferric  iron  replaces  part  of  the  aluminium 
and  magnesium  the  calcium.  Fluorine  and  titanium  may  be  present.  The 
following  are  typical  analyses  (Jannasch) : 

SiOa   TiO,  Al,Oa  Fe,0»  FeO  HnO    CaO  MgO  Na,0  Li,0  H,0    F. 
1.  Vesuvius,  }  36-98     —  16*70  2  99  201  057  3567  262  043  008  1  82  108  =  100-45 
H.  Vilul.  3617  1-30  12*28  218  149  015.35-81  605  045     —  072  0-22  BtO,  2  81=99  5^ 

Pyr.,  etc. — B.B.  fuses  at  3  with  intumescence  to  a  greenish  or  brownish  glass.  Magnus 
states  that  the  density  after  fusion  is  2*93-2*945.  With  the  fluxes  gives  reactions  for  in  n, 
and  some  varieties  a  strong  mangnnese  reaction.  Cyprine,  a  blue  variety,  gives  a  reaction 
for  copper  with  salt  of  phosphorus.  Partiully  decomposed  by  hydrochloric  acid,  and  cuni- 
pletely  when  the  mineral  has  been  previously  ignited. 

Dift— Characterized  by  its  tetragonal  form  and  eusy  fusibility.  Resembles  some  brown 
varieties  of  garnet,  tourmaline,  and  epidote. 

liecognized  in  thin  sections  by  its  high  refraction  producing  a  very  strong  relief  and  it« 
extremely  low  birefringence;*  also  in  general  by  its  color,  pleochroism,  and  uniaxial  nei:»- 
tive  character;  the  latter,  on  account  of  the  low  birefringence,  being  difficult  to  determine. 
The  low  birefringence,  however,  aids  in  distinguishing  it  from  epidote,  with  which  at  times 
it  may  be  confounded. 

Obs. — Yesnvianite  was  first  found  among  the  ancient  ejections  of  Vesuvius  and  the 
doloiuitic  blocks  of  Monte  Somma,  whence  its  name.  It  commonly  occurs  us  a  contact  min- 
eral from  the  alteration  of  impure  limestones,  ihen  usually  associated  with  lime  game 
(grossularite).  phlogopite,  diopside,  wollastonite;  also  «*.pidote;  also  in  serpentine,  chloiitc 
schist,  gneiss  and  related  rocks. 

Prominent  localities  are  Vesuvius;  the  Albani  Mts. ;  the  Mussa  Alp  in  the  Ala  valley,  in 
Piedmont;  Mt.  Monzoni  in  the  Fassathal;  at  Orawitza  and  Do^naczka;  Haslau  near  £l^u 
in  Bohemia  {egeran)\  near  Jordansmllhl,  Silesia;  on  the  Vilul  river,  near  L.  Baikal  (sciik- 
♦imes  called  loiluit  or  viluite.  like  the  grossular  garnet  from  the  same  region):  at  Arendul. 
**  colophoniW ;  at  1^^%,  near  Christiansand. 

In  N.  America,  in  Maine^t  Phippsburff  and  Rumford;  at  Saudford.  In  N.  Jlampthin, 
at  Warren  with  cinnamon-stone.  In  Jy.  York,  ^  m.  S.  of  Amity.  In  Ifew  Jerttey.  a' 
Newton.  In  Caltfomut  near  San  Carlos  in  Inyo  Co.  In  Canada,  at  Calumet  Falls,  Liiib 
field,  Pontiac  Co.;  at  Grenville  in  calcite;  at  Templeton,  Ottawa  Co.,  Quebec. 


Zircon  Group.     RSiO^.    Tetragonal. 

Zircon  ZrSiO,  6  =  06404 

Thorite  ThSiO,  ""'  i  =  0-64('J 

This  group  includes  the  orthosilicates  of  zirconium  and  thorium^  botl. 
alike  in  tetragonal  crystallization,  axial  ratio  and  crystalline  habit. 

These  species  are  sometimes  regarded  as  oxides  and  then  included  in  the  Rutilk  GRon* 
(p.  843).  to  which  they  approximate  closely  in  form.     A  similar  form  belongs  also  to  tbi' 

*  Frequently  mineral *=,  which,  like  vesuvianite,  mcliliteand  zoisite,  are  doubly  refraciitii: 
but  of  extremely  low  birefringence  (and  possihly,  where  they  are  positive  for  one  color  but 
negative  for  another),  do  not  show  a  gray  color  between  crossed  nicols  but  a  curious  blue, 
at  times  an  intense  Berlin  blue,  which  is  quite  distinct  from  the  other  blues  of  tbe  color 
scale  and  is  known  as  the  "  ultra  blue," 
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tantalatc,  TapioUte.  and  to  the  phospbate.  Xeootime;  furtlier,  compound  groups  consisting 
of  crystals  of  Xenotime  and  Zircon  in  parallel  position  are  not  uncommon  ^Fig.  431,  p.  131). 


ZIRCON. 

Tetragonal.     Axis  i  =  0-64037. 

de',    101  A  Oil  =  44"  50'. 
m".   101  A  101  =  65"  16'. 
;>p',  111  A  ill  =  56"  40f . 
t/tt'.  881  A  831  =  83"  y. 
828.  830. 


X:^ 


833.. 


834. 


mp,    110  A  111  =  47"  60'. 
mw,  110  A  331  =  20"  121'. 
a»'»,  311  A  311  =  32"  57'. 
ax,     100  A  311  =81"  43'. 
831.  832. 


r^^       /^      ^ 


n '.    d 


^  V^ 


835. 


Colorado. 

Twins:  tw.  pi.  e  (101),  geniculated  twins  like  rutile  (Fig.  374,  p.  124). 
Commonly  in  square  prisms,  sometimes  pyramidal.  Also  in  irregular  forms 
and  grains. 

Cleavage:  m  imperfect;  p  (HI)  less  distinct.  Fracture  conchoidal. 
Brittle.  H.  =  7'5.  G.  =  4  68-4 '70  most  common,  but  varying  widely  to  4*2 
and  4*86.  Luster  adamantine.  Colorless,  pale  yellowish,  grayish,  yellowish 
green,  brownish  yellow,  reddish  brown.     Streak  uncolored.     Transparent  to 


Q7y  =  1-9239, 


sub  translucent  and  opaque.    Optically  +•    Birefrinffence  high 
6y  =  1*9682,  Ceylon.    Sometimes  abnormally  biaxial. 

Hyacinth  is  the  orange,  reddish  and  brownish  transparent  kind  used  for  gems.  Jargon 
is  a  name  given  to  the  colorless  or  smoky  zircons  of  Ceylon,  in  allusion  to  the  fact  that 
while  resembling  the  diamond  in  luster,  they  are  comparatively  worthless;  thence  came 
the  name  eireoii. 

Comp.— ZrSiO,  or  ZrO.SiO,  =  Silica  32*8,  zirconia  67*2  =  100.     A  little 
iron  (Fe,0,)  is  usually  present. 
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Pyr.,  etc. — Infusible ;  the  colorless  varieties  are  unaltered,  the  red  become  colorless, 
while  dark-colored  varieties  are  made  white :  some  varieties  glow  aud  iDcrease  in  deusity 
by  igiiitiou.  Not  perceptibly  acted  upon  by  salt  of  phosphorus.  In  powder  decomposeii 
when  fused  with  soda  <>u  the  platinum  wire,  aud  if  the  product  is  dissolved  in  dilute  hydro- 
chloric acid  it  gives  the  orange  color  characteristic  of  zircouia  when  tested  with  turourc 
paper.  Not  acted  upon  by  acids  except  in  fine  powder  with  concentrated  sulphuric  aciu 
Decomposed  by  fusion  wiih  alkaline  carbonates  and  bisulphates. 

Diflf.— Gliaracterized  by  the  prevailing  square  pyramid  or  square  prism ;  also  by  i'> 
iidamantiue  luster,  hardness,  high  specific  gravity,  and  infusibility ;  the  diamond  is  optiaily 
isotropic. 

Recognized  in  thin  sections  by  its  very  high  relief;  very  high  interference-colors,  wbi<  n 
approach  white  of  the  higher  order  except  in  very  thin  sections.;  positive  uniaxial 
character.  It  is  distinguished  from  cassiterite  and  rutile  only  by  its  lack  of  color,  and  from 
the  latter  also  in  many  cases  by  method  of  occurrence. 

Obs.— A  common  constituent  of  igneous  rocks,  especially  those  of  the  more  acid  feiti 
spathic  groups  and  particularly  the  kinds  derived  from  magmas  containing  much  s«>ii?i 
[s  generally  present  in  minute  crystals,  but  in  pegmatitic  facies  often  in  large  aud  weii- 
formed  crystals.  Occurs  more  rurely  elsewhere,  as  in  granular  limestone,  chloritie  ami 
other  schists  :  gneiss ;  sometimes  in  iron-ore  beds.  Crystals  are  common  in  most  auriferous 
sands.  Sometimes  found  in  volcanic  rocks,  probably  in  part  as  inclusions  derived  from 
older  rocks. 

Zircon  in  distinct  crystals  is  so  common  in  the  pegmatitic  forms  of  the  nephelite-svenite 
and  augite-syenite  of  southern  Norway  (with  segirite,  etc.)  that  this  rock  there  and  else- 
where has  sometimes  been  called  a  "zircon-syenite." 

Found  in  alluvial  sands  in  Ceylon  ;  in  the  gold  regions  of  the  Ural.atLaurvik,  Norway, 
at  Arendal,  in  the  iron  mines:  at  Fredriksv{lrn,  and  in  veins  in  the  augite-syenite  of  tlie 
Langesund  fiord;  Pfitschthal,  Tyrol;  in  lava  at  Niedermendiff  in  the  £ifeT,  red  crystals:  etc. 

In  N.  America,  in  Maine,  at  Litchfield;  In  N.  York,  in  Moriah,  Essex  Co.,  cinnamon 
red;  near  the  outlet  of  Two  Ponds,  Orange  Co.,  with  scapolile,  pyroxene  and  titanile;  at 
Warwick,  chocolate-brown,  near  Amity;  in  St.  Lawrence  Co.,  in  the  town  of  HamnioiMi: 
at  Rr>ssie.  Fine,  Pitcairn.  In  Penn.y  near  Reading.  In  N,  Car.,  abundant  in  the  ,ir<»<l 
sands  of  Burke.  McDowell,  Polk.  Rutherford.  Henderson,  and  other  counties.  In  Color>do. 
with  asirophyllite,  etc..  in  the  Pike's  Peak  region  in  El  Paso  Co.;  at  Cheyenne  Mi.  In 
California,  in  auriferous  gravels. 

In  CaTiodft,  at  GrenviUe,  Argenteuil  Co.;  in  Templeton  and  adjoining  townships  in 
Ottawa  Co.,  Quebec:  in  Renfrew  Co.,  sometimes  very  large;  in  North  Burgess,  Lanark  Co 

Malaeon  is  an  altered  zircon.  Cyrtolite  is  related  but  contidns  uranium,  yttrium  sdiI 
other  rare  elements. 

Thorite.  Thorium  silicate,  ThO,.  like  zircon  in  form;  usually  hydrated,  bhick  in 
color,  and  then  with  G.  =  4*5-5;  also  orange-yellow  and  with  G.  =  5*19--5-40  {orangUe).  From 
the  Brevik  region,  Norway;  also  near  Arendal. 

Auerlite.  Like  zircon  in  form;  supposed  to  be  a  silico-phosphate  of  thorium.  Hender- 
son Co.,  N.  C. 


Danburite-Topaz  Group.    Orthorhombic.    RR,(SiO,),  or  (EO)  BSiO,. 

Danburite  CaB.(SiO,),  d'.l:6:=i  0*5444  :  1 : 0  4807 

Topaz  [Al(F,OH),]AlSiO,  d\l\6=i  0*5285  :  1 :  0-4770 

Andaluaite  (AlO) AlSiO,  ^li&\i6  =  0-5070 :  1  :  0*474l» 

or    a  :  J  :  (5  =  0-9861 :  1  :  0*TO-25 


SiUimanite  Al,SiO.  Orthorhombic  d\l  —  0*970 : 1 

Cyanite  Al,SiO,  Tricliiiic 

ff  :  5  :  (5  =  0-8994  :  1  :  0*7090;  a  =  90°  5^',  /?  =  101°  2',  y  =  105°  44^'. 
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DANBURTTB. 

Orthorhombic. 
836. 


/T^^^p^— ^« 


Axes  d:h:i  =  05444  :  1  :  0*4807. 

mm"\  110  A  no  =  57"*  8'.  dd\  101  a  101  =    82''  58'. 

tf*.        120  A  120  =  85'*  8'.  wtr',  041  a  041  =  125''    8'. 

Habit  prismatic,   resembling  topaz.     Also   in   indistinct 
embedded  crystals,  and  disseminated  masses. 

Cleavage:  c  very  indistinct.  Fracture  uneven  to  subcon- 
choidal.  Brittle.  H.  =  7-7-25.  G.  =  2-97-302.  Color 
pale  wine-yellow  to  colorless,  yellowish  white,  dark  wine- 
yellow,  yellowish  brown.  Luster  vitreous  to  greasy,  on  crystal 
surfaces  brilliant.  Transparent  to  translucent.  Streak  white. 
Comp.  —  CaBJSiOJ,  or  CaO.B,0,.2SiO,  =  Silica  488, 
boron  trioxide  28-4,  lime  22-8  =  lOO. 

Pyr.,  etc.— B.B.  fuses  at  85  lo  a  colorless  glass,  and  imparls  a  green  color  to  the  O.  F. 
(boron).  Not  decomposed' by  hydrochloric  acid,  but  sufficiently  attacked  for  the  solution 
10  give  the  reaction  of  boric  acid  with  turmeric  paper.  When  previously  ignited  gelatinizes 
with  hydrochloric  acid.     Phosphoresces  on  heating,  giving  a  reddish  light. 

Obs. — Occurs  at  Dan  bury.  Conn.,  with  microcliue  and  oligoclase  in  dolomite.  At 
Russell,  N.  T.,  in  fine  crystals.  On  the  Piz  Yalatscha,  the  northern  spur  of  Mt.  Skopi 
south  of  Dissentis  in  eastern  Switzerland,  in  slender  prismatic  crystals. 

Barsowitb.  This  doubtful  species,  occurring  with  blue  corundum  in  the  Ural,  is  by 
some  authors  classed  withdauburite;  composition  CaAUSiaOs  like  anorthite. 


TOPAZ. 

Orthorhombic.    Axes  &\l\i  =  0-52854  :  1  :  0-47698. 
837.  838.  839. 


840. 
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m     m 
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Ural. 

Brazil.                Durango. 

Japan. 

mm'" 

110  A  110  =    55-*  48'. 

tn/,  041  A  041  =  124'  41'. 

uu\ 

Ill  A  ill  =    78'    20'. 

ll\ 

120  A  120  =    89'  49'. 

ct,     001  A  223  =    34'  14'. 

uv!" 

Ill  A  111  =    89'     0'. 

dd\ 

^1  A  201  =  122''    1'. 

eu,    001  A  HI  =    45'  35'. 

oo\ 

221  A  221  =  105'      7'. 

XX', 

043  A  048  =    64'  55'. 

eo,    001  A  221  =    63'  54'. 

ocf" 

221  A  221  =   49'  37J'. 

//'. 

021  A  021  =    87'  18'. 

Crystals  commonly  prismatic,  m  predominating;  or  I  (120)  and  the  form 
then  a  nearly  square  prism  resembling  andalusite.  Faces  in  the  prismatic 
zone  often  vertically  striated,  and  often  showing  vicinal  planes.  Also  firm 
columnar;  granular,  coarse  or  fine. 

Cleavage  :  c  highly  perfect.  Fracture  subconchoidal  to  uneven.  Brittle. 
H.  =  8.  G.  =  3-4-3-6.  Luster  vitreous.  Color  straw-yellow,  wine-yellow, 
white,  grayish,  greenish,  bluish,  reddish.  Streak  uncolored.  Transparent  to 
subtranshfcent.  Optically  +.  Ax.  pi.  ||  h.  Bx  JL  c.  Axial  angles  variable. 
2Ey  =  112°  to  120*^40'.     Refractive  indices,  Brazil  (Miihlheims) : 
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For  D        cr  =  1-62986        fi  =  1-63077       y  =  1*63747        .'.     2V  =  49^  31' 

Var. — Ordinary,  In  prismalic  crystals  usimlly  colorless  or  pale  yellow,  1^  o'mz 
pale  blue,  pink,  etc.  The  yellow  of  the  Brazilian  crystals  is  changed  by  heating  lo  a  \^.- 
rose-pink.     Often  contains  inclusions  of  liquid  CO,. 

PhysalUe,  or  pyrophysalite,  is  a  coaree  nearly  opaque  variety,  from  Finbo;  intiune>c£: 
whon  heated,  hence  its  name  from  (pvcraXi^,  bubble,  and  icOp^fire.  i^cwtto  hasa  ok^is- 
nar,  very  compact  structure.  Rose  made  out  that  the  cleavage  was  the  same,  and  .Ir 
form  probably  the  same;  and  Des  Cloizeuux  showed  that  the  optical  characters  were  tbose 
of  topaz. 

Comp. — (AlF),SiO,;  usually  containing  hydroxyl  and  then  [Al(F,OII)]3SiC\ 
or  as  given  on  p.  430.  The  former  requires  Silica  32*6,  alumina  55-4,  fluoriit 
20-7  =  108-7,  deduct  (0  =  2F)  8'7  =  100. 

P3rr.,  etc.— B.B.  infusible.  Fused  in  the  closed  tube,  with  previously  fused  and  pu- 
verized  salt  of  phosphorus,  etches  the  glass,  giving  off  silicon  fluoride,  which  forms  a  ris^ 
of  SiOa  above.  With  cobalt  solution  tiie  pulverized  mineral  gives  a  fine  blue  on  heatu  :. 
Only  partially  attacked  by  sulphuric  acid.  A  variety  of  topaz  from  Brazil,  when  heaieo, 
assumes  a  pink  or  red  hue.  resembling  the  Balas  ruby. 

Diflf.— Characterized  by  its  prismatic  crystals  with  angles  of  56**  (124*)  or  87'  (93'');  &:~. 
by  the  perfect  basal  cleavage;  hardness:  infusibility:  yields  fluorine  B.B. 

Obs. — Topaz  occurs  especially  in  the  highly  acid  igneous  rocks  of  the  granite  fanifj. 
as  granite  and  rhyolite,  in  veins  and  cavities,  where  it  appears  to  be  the  result  of  fumiin>;:; 
action  after  the  crystallization  of  the  magma;  sometimes  also  in  the  surrounding  scbi^  .<. 
gneisses,  etc.,  as  a  result  of  such  action.  In  these  occurrences  often  accompanicrd  by  tluoi- 
ite,  casstterite,  tourmaline. 

Fine  topaz  comes  from  the  Urals,  from  Alabashka,  in  the  region  of  Ekaterinburg;  fna 
Miask  in  the  Ilmen  Mts  ;  also  the  gold-washings  on  the  R.  Sauarka,  in  Govt.  Orenbure;  ia 
Nerchinsk,  beyond  L.  Baikal,  in  the  Adun-Chalon  Mis.,  etc.;  in  the  province  of  31:! i^ 
Geraes,  Brazil,  at  Ouro  Preto  and  Villa  Rica,  of  deep  yellow  color;  at  the  tin  m\\\e>  ;  f 
Zinnwald  and  Ehrenfriedersdorf,  and  smaller  crystals  at  Schneckeuslein  and  Altenbtrc: 
sky-blue  crystals  in  Cairngorm,  Aberdeenshire;  the  Mourne  moimtains,  Ireland;  on  lit 
island  of  Elba.  Physalite  occurs  in  crystals  of  great  size,  at  Fossum,  Norway;  FinU', 
Sweden.  Pycnite  is  from  the  tin  mine  of  Altenberg  in  Saxony;  also  of  Schlackenwa  J. 
Zinnwald,  etc.  Fine  crystals  occur  at  Durango,  Mexico,  with  tin  ore;  at  San  Luis  Poti^i 
ill  rhyolite.  Mt.  Bischoff.  Ttismania,  with  tin  ores;  similarly  in  New  South  Wales.  lu 
Jap  m  in  pegmatite  from  Otani-yama,  Province  of  Omi,  near  Kioto. 

In  the  United  States,  in  Maine,  at  Stoneham,  in  albilic  gmnite.  In  Cdnn.,  at  Trumbu:i. 
with  fluorite;  at  Willimantic.  In  N.  Car.,  at  Crowder's  Mountain.  In  Cdarado,  in  line 
crystals  colorless  or  pale  blue  from  the  Pike's  Peak  region;  at  Nathrop,  Chaffee  Co,,  ic 
wfne-colored  crystals  with  spessarlite  in  lithophyses  in  rhyolite;  similarly  in  the  rhyolite 
of  Chalk  Mt.  In  UtaK  in  fine  transparent  colorless  crystals  with  quartz  and  sanidlue  in 
the  rhyolite  of  the  Thomas  Range,  40  miles  north  of  Sevier  Lake. 

The  nnme  topaz  is  from  ronra'^to?,  an  island  in  the  Red  Sea.  as  stated  by  Pliny.  Bat 
the  topaz  of  Pliny  was  not  the  true  topaz,  as  it  "yielded  to  the  file."  Topaz  was  inclodfti 
by  Pliny  and  earlier  writers,  as  well  as  by  many  later,  under  the  name  e?iry$oHte, 


ANDALUSITE. 

Orthorhombic. 
841. 


Axes  d  :  5 
842. 


:  (5=0-9861 


reous:  often  weak. 


1  : 0-70245. 
mm"\  110  A  liO  =  89'  1^. 
«^,  Oil  A  Oil  =  70*  lO*. 

Usually  in  coarse    prismatic 
the    prisms    nearly    square    in 
Massive,  imperfectly  columnar; 
.  times  radiated  and  granular. 

Cleavage:  tn  distinct,  sometimes  per- 
fect (Brazil);  a  less  perfect:  b  in  tracer; 
Fracture  uneven,  subconchoidal.   Brittle. 
H.  =  7-5.     G.  =  3-1 6-3-20.     Luster  rit- 
Color  whitish,  rose-red,  flesh-red,  violet,  pearl-srniy  red- 
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forms, 
form. 
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849. 


disli  brown,  olive-green.  Streak  uncolored.  Transparent  to  opaque,  usually 
i;  lib  translucent.  Pleochroism  strong  in  some  colored  varieties.  Absorption 
strong,  a  >  b  >  c  Sections  normal  to  an  optic  axis  are  idiophanous  or 
show  the  polarization-brushes  distinctly  (p.  219).  Optically  — .  Ax.  pi.  fl  b. 
Bx  J. c.     2H,  =  96°  30'  Brazil;  /?,  =  1638;  ;/  -  a  =  0011.    ' 

(JhiastoUte^  or  Mctele  is  a  yuricty  in  stout  crystals  baviug 
tlie  nxis  and  angles  of  a  different  color  from  the  rest,  owing 
to  a  regular  arran firemen t  of  carbonaceous  impurities  through 
the  interior,  and  hence  exhibiting  a  colored  cross,  orates- 
sL'iated  appearance  in  a  transverse  section.  Fig.  844  shows  ;S\ 
sections  of  a  crystal. 

Comp.— Al,SiO.  =  (AlO)AlSiO,  or  Al,O..SiO.  = 
Silica  36-8,  alumina  63*2  =  100.  Manganese  is 
sometimes  present,  as  in  manganandalusite. 

P3rr.,  etc.— B.B.  infusible.  With  cobjilt  solution  gives  a 
blue  color  after  ignition.  Not  decomposed  by  acids.  De- 
composed on  fusion  with  caustic  alkalies  and  alkaline  car- 
bonates. 

Diff. — Characterized  by  the  nearly  square  prism,  pleo- 
chroism, hardness,  infasibility;  reaction  for  alumina  B.B. 

Distinguished  in   thin  seciions  by  its  high   relief;  low       8'' 
interference-colors,  which  are  only  slightly  above  those  of  0 

qiinrtz:  negative  biaxial  chara(;tei-;  negative  extension   of 

the  crystals  (diff.  from  sillimanite);  rather  distinct  prismatic  cleavage  and  the  constant 
parallel  extinction  (diff.  from  pyroxenes,  which  have  also  greater  birefringence);  also  by  its 

844. 
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cliaracteristic  arrangement  of  impurities  when  these  are  present  (Fig.  844).  The  plea* 
c-hroism,  which  is  often  lacking,  is  when  present  strong  and  characteristic. 

Obg. — Most  common  in  argillaceous  schist,  or  other  schists  imperfectly  crystalline;  also 
in  gneiss,  mica  schist  and  related  rocks;  rarely  in  connection  with  serpentine.  The  variety 
r-hiustolite  is  commonly  a  contact  mineral  in  clay-slates,  t.g.^  adjoining  granitic  dikes. 
Sometimes  associated  with  sillimanite  with  parallel  axes. 

Found  in  Spain,  in  Andalusia;  in  the  Tyrol,  Lisens  Alp;  in  Saxony,  at  Braunsdorf; 
Bavaria,  at  Wunsiedel,  etc.  In  Brazil,  provmce  of  Minas  Geraes,  in  fine  crystals  and  as 
roiled  pebbles. 

In  N.  America,  in  Mairu,  at  Standish.  N.  Hamp,,  White  Mtn.  Notch;  Mau.,  at  West- 
ford;  Lancaster,  both  varieties;  Sterlins:,  chiastolite.  Conn.,9^.  Litchfield  and  Washington. 
J'enn.,  in  Delaware  Co.,  near  Leiperville,  large  cryst.;  Upper  Providence. 

Named  from  Andalusia,  the  first  locality  noted.  The  name  macle  is  from  the  Latin 
^macula,  a  spot.  Chiastolite  is  from  x^^<^^o^t  arranged  diagonally,  and  hence  from  ehi, 
the  Greek  name  for  the  letter  X. 


SILLIMANITE.    Fibrolite.  ^ 

Orthorhombic.  Axes  df :  i  =  0-970  :  L  mm'"  =  88°  15',  hh'  (230  A  330) 
=  69°.  Prismatic  faces  striated  and  rounded.  Commonly  in  long  slender 
itrystals  not  distinctly  terminated;  often  in  close  parallel  groups,  passing  into 
librous  and  columnar  massive  forms;  sometimes  radiating. 

Cleavage:  b  very  perfect.  Fracture  uneven.  H.  =  6-7.  G.  =  3'23-3*24. 
Luster  vitreous,  approaching  su  bad  am  an  tine.  Color  hair-brown,  grayish 
brown,  grayish  white,  grayish  green,  pale  olive-green.  Streak  uncolored. 
Transparent  to  translucent.     Pleochroism  sometimes  distinct.     Optically  +• 
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Double  refraction  strong.  Ax.  pi.  |  J.  Bx  X  c.  Dispersion  p  >  v.  2Er  = 
44°.     /?  =  1-661;  y  -  a  =  0021. 

Fyr. — Same  as  andalusite. 

Diflf. — Characterized  by  its  fibrous  or  columnar  form;  perfect  cleavage;  in  fusibility; 
reaction  for  alumina. 

In  thin  sections  recognized  by  its  form,  usually  with  transverse  fractures;  parallel 
extinction;  high  interference-colors. 

Obs. — Often  present  in  the  quartz  of  gneisses  and  sometimes  granites  in  very  slender, 
minute  prisms  commonly  aggregated  together  and  sometimes  iutergrown  with  andalusite. 
iolitc  is  also  a  common  associate;  rarely  as  a  contact  mineral;  often  occurs  with  corunduni. 

Observed  in  many  localities,  thus  near  Moldnu  in  Bohemia  (Faserkie^el);  at  Fassa  iu 
Tyrol  {bucholziU):  in  the  Carualic  with  corundum  (Jibroliie);  at  Bodenmais,  Bavaria;  Fr«i- 
berg.  Saxony;  in  France,  near  Poni^baud  and  other  points  in  Auvergne;  forms  rolleii 
masses  in  the  diamantiferous  snnds  orMintis  Geraes,  Brazil. 

In  the  United  States,  in  Massachu$etU,  at  Worcester.  In  Canneetieut,  near  Norwicb, 
with  zircon,  monazite  and  corundum;  at  Willimantic.  In  N.  York,  at  Yorktown.  West- 
Chester  Co.;  in  Monroe,  Orange  Co.  (monrolite).  In  Penn..  at  Chester  on  the  Delawart. 
near  Queensbury  forge;  in  Delaware  Co.;  Delaware,  at  Brandywine  Springs.  With  corun- 
dum in  i\r.  Carolina. 

Nhmed  JUn-oltte  from  the  fibrous  massive  variety  (Oerm.,  Faserkiesel);  siUimanUe,  after 
Prof.  Benjamin  Silliman  of  New  Haven  (1779-1864). 

Bamlite,  xenoliU,  worthite  probably  belong  to  sillimanite;  the  last  is  altered. 


or  AN  ITU. 

Triclinic. 
y  =  105°  44i'. 


846. 


Eyanite.    Dbthene. 

Axes  d:h:6  =  0*8994  :  1  :  07090 ;   a  =  90''  5^,  /?  =  101°  2', 
ac,  100  A  001  =  78°  30';  be,  010  A  001  =  86°  45'; 

Usually  in  long  bladed  crystals,  rarely  terminated. 
Also  coarsely  bladea  columnar  to  subfibrous. 

Cleavage:  a  very  perfect;  J  less  perfect;  also  part  in  cr 
I  c.  H.  =  5-7-25;  the  least,  4-5,  on  a  |  i;  6-7  on  a  |  edirc 
a/c;  7  on  b.  G.  =  3'56-3'67.  Luster  vitreous  to  pearly. 
Color  blue,  white;  blue  along  the  center  of  the  blades  or 
crystals  with  white  margins;  also  gray,  green,  black. 
Streak  uncolored.  Translucent  to  transparent.  Pleo- 
chroism  distinct  in  colored  varieties.  Optically  — .  Ax. 
pi.  nearly  JLa  and  inclined  to  edge  a/b  on  a  about  30°. 
and  about  7^  on  b.  2H^r  =  99°  18'  Pfitschtbal. 
Comp. — Empirical  formula  Al,SiO,  or  Al,0,.SiO„  like  andalusite  and  silli- 
manite.    Perhaps  a  basic  metasilicate,  (A10),SiO,. 

Pyr. ,  etc.—Same  as  for  andalusite.  At  a  high  iemperature  (1820*-1880*)  eyanite  assumes 
the  physical  characters  of  sillimanite. 

Din.— Characteiized  by  the  bladed  form;  common  blue  color;  varying  hardness;  in  fusi- 
bility; reaction  for  aluminn. 

Obs.— Occurs  principally  in  gneiss  and  mica  schist  (both  the  ordinary  variety  with 
muscovite  and  also  that  with  paragonitc)  often  accompanied  by  garnet  and  sometimes  by 
staurolite;  also  in  eclogite.    It  is  often  associated  with  corunduni. 

Found  in  transparent  crystals  at  Monte  Campione  in  the  St.  Gothard  region  in  Switzer 
land  in  paragonite  schist;  on  Mt.  Greiner,  Zillerthal,  and  in  the  Pfitschtbal  {r?UBt%ziU,  wbirei 
in  Tyrol;  in  eclogite  of  the  Saualpe.  Carinthia;  HorrsjOberg  in  Wermland,  Sweden;  Vilta 
Ricn,  Brazil,  etc. 

In  Mass.,  at  Chesterfield,  with  garnet  in  mica  schist.  In  Conn.,  at  Litchfield  and 
Wasliinic^on.  In  Vermont,  at  Thetford.  In  Penn.,  in  Chester  Co.  and  in  Delaware  Co 
In  Virginia,  Buckingham  Co.  In  JV.  Carolina,  with  rutile,  laznlite,  etc.,  at  Crowder's 
Mt.,  Gaston  Co.;  in  Gaston  and  Rutherford  counties  associated  with  corundum,  damourite: 
beautiful  clear  green  in  Yancey  Co.    Named  from  Kvaroi,  blue. 


SILICATES. 


435 


Datolite  Group.     Monoclinic. 
Basic  Orthosilicates.    HKRSiO,  or  B,R.(SiO  J..    Oxygen  ratio  f or  E :  Si  =  3 : 2. 

II  in 

R  =  Ca,Be,Fe,  chiefly;  R  =  BoroD,  the  yttrium  (and  cerium)  metals,  etc. 


Datolite 

HCaBSiO.  or  Ca(BOH)SiO,    ' 
Homilito 

Ca,FeB,Si,0„  or  Ca,Fe(BO),(SiO,), 

a 
0-6345 

0-6249 

1 
I 

1-2657 
1-2824 

89"  51' 
89°  21' 

Endase 

HBeAlSiO.  or  Be(A10H)SiO. 
Oadolinite 

Be,FeY,8i,0,.  or  Be,Fe(YO),(SiO,), 

2d 
0-6474 

0-6273  : 

1 
1 

lid 
1-3330 

1-3215 

79°  44' 
89°  26^ 

The  species  of  the  Datolite  Group  are  usually  regarded  as  basic  ortho- 
silicates,  the  formulas  being  taken  in  the  second  form  given  above.  They  all 
crystallize  in  monoclinic  system,  and  all  but  Euclase  conform  closely  in  axial 
ratio;  with  the  latter  there  is  also  a  distinct  morphological  relationship. 


Monoclinic. 

Axes  a:1):6  =  0-6345 

mm  , 

110  A  110  =   64-  47. 

ac. 

100  A  001  =    89*  51'. 

ax, 

100  A  101  =    46"    0'. 

91/. 

012  A  012  =    64'  39f . 

m^rn^' 

.  on  A  Oil  =  103"*  28'. 

1:  1-2657;  /?  =  89°  51*'. 

c/4,    001  A  111  =  66*  57'. 
em,  001  A  110  =  89"  58'. 
€€,    001  A  112  =  49"  49'. 
nn\  111  A  111  =  59"    4i'. 
€€\  112  A  112  =  48"  191'. 

Crystals  varied  in  habit;  usually  short  prismatic  with  either  m  or  rrij,  pre- 
dominating; sometimes  tabular  ||  x  (201);  also  of  other  types,  and  often  highly 
modified  (Figs.  846-849).  Also  botryoidal  and  globular,  having  a  columnar 
structure;  divergent  and  radiating;  sometimes  massive,  granular  to  compact 
and  crypto- crystalline. 

846.  847. 


Bergen  Hill. 

Cleavage  not  observed.     Fracture  conchoidal  to  uneven.     Brittle.     H.  = 
5-5*5.    G.  =  2*9-30.    Luster  vitreous,  rarely  subresinous  on  a  surface  of  frac- 
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ture.  Color  white;  sometimes  grayish,  pale  green,  yellow,  red,  or  amethystine, 
rarely  dirty  olive-greeu  or  honey-yellow.  Streak  white.  Transparent  to  trans- 
lucent; rarely  opaque  white. 

Var. — 1.  Ordinary,  In  glassy  crystals  of  varied  habit,  usually  wilb  a  greenish  Ungc. 
The  angles  in  the  prismatic  and  clinodome  zones  vary  but  litile,  e.g.,  110  a  110  =  64"  47, 
while  Oil  A  Oil  =  06*"  87',  etc.  2.  Compact  mauiw.  White  opaque  cream-colored,  piuk; 
breaking  with  the  surface  of  porcelain  or  Wedgewood  ware.  From  the  L.  Superior  region. 
8.  Boirycidal;  Boiryolite,  Radiated  columnar,  having  n  botryoidal  surface,  and  contaiuiiig 
more  water  than  the  crystals,  but  optically  identical. 

Comp. — A  basic  orthosilicate  of  boron  and  calcium;  empirically  HCaBSiO, 
or  H,0.2CaO.B,0..2SiO,;  this  may  be  written  Ca{BOH)SiO,  =  Silica  37  6, 
boron  trioxide  21*8,  lime  35*0,  water  5*6  =  100. 

Tyv.,  etc.— In  the  closed  tube  gives  off  much  water.  B  B.  fuses  at  2  with  intumosceiice 
to  a  clear  glass,  coloring  the  flame  bright  green.     Gelatinizes  with  hydrochloric  acid. 

Diff.— Characterized  by  its  glassy,  greenish,  complex  crystals;  easy  fusibility  and  green 
^mc  B  B. 

Obs.— Datolite  is  found  chiefly  as  a  secondary  mincrtd  in  veins  and  cavities  in  basic 
eruptive  rocks,  often  associated  with  calcite,  prehnitc  and  various  zeolites;  sonieiinies 
associated  with  danburite;  also  in  gneiss,  diorite,  and  serpentine;  in  metallic  veins;  some- 


848. 


849. 


Bergen  Hill. 


Andreasberg. 


times  in  beds  of  iron  ore.  Found  in  Scotland,  in  trap,  at  the  Eilpatrick  Hills,  etc.;  in 
H  bed  of  magnetite  at  Arendal  in  Norway  {hotryolUe)  \  at  UtO  in  Sweden:  at  Andreasberir 
in  diabase  and  in  veins  of  silver  ores;  in  Rhenish  Bavaria  (the  humboldtite):  at  the  Seisser  Alp. 
Tyrol,  and  at  Theiss.  near  Claussen.  in  geodes  in  amygdaloid:  in  granite  at  Baveno  utar 
Lugo  Magf?iore;  at  Toggiana  in  Modena.  in  serpentine;  Monte  Cntini  in  Tuscany. 

In  the  U.  8.  not  uncommon  with  the  diabase  of  Connecticut  and  Massachusetts.  Thu< 
at  the  Rocky  Hill  quarry,  Hfirtford.  Conn.;  at  Middlefield  Falls  and  Roaring  Brook,  Com. 
In  N.  Jersey,  at  Bergen  Hill,  in  splendid  crystals;  at  Paterson,  Passaic  Co.  Both  crystnl^i 
and  tiie  opaque  compact  variety,  in  the  Lake  Superior  region. 

Named  from  dareKr^ai,  to  divide,  alluding  to  the  granular  structure  of  a  massive 
variety. 

Homilite.  (Ca.Fe),B«Si,0,o  or  (Ca.Fe)9(BO),(Si04)t.  Crystals  often  tabular  |  e:  angles 
near  those  of  datolite.  H.  =  5.  G.  =  8*88.  Color  black,  blackish  brown.  Found  on  ibe 
island  Stok5  and  other  islands,  in  the  Langesund  fiord,  Norway. 

Suclase.  HBeAlSiO*  or  Be(A10H)Si04.  In  prismatic  crystals.  Cleavage  :  6(01  Or 
perfect  H.  =  7-5.  G  =  3 '05-3 -10.  Luster  vitreous.  Colorless  to  pale  green  or  blue. 
From  Brazil,  in  the  province  of  Minas  Geraes:  in  the  auriferous  sands  of  the  Orenburg 
district,  southern  Ural,  near  the  river  Sandrka;  in  the  Glossglockner  region  of  the  Austrian 
Alps. 

Oadolinite.  Be,FeYaSiaO,o  or  Be,Fe(Y0),Si04)«.  Ciystals,  often  prismatic,  roneh 
and  coarse;  commonly  in  masses.  Cleavage  none.  Fracture  conchoidal  or  splintery 
Brittle.  H.  =  6-5-7.  G.  =  40-4-5;  normally  4-3^-4  47  (anisotropic),  4*24-4  29  (isotropic 
and  amorphous  from  alteration).     Luster  vitreous  to  greasy.    Color  black,  greenish  black. 
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also  browD.  From  Dear  Falun  and  Ytterby,  Sweden;  HitterO,  Norway;  ako  in  Llano  Co.» 
Tezas»  iu  uodular  mai^ses  and  rough  crystals,  sometimes  up  to  40  or  60  pounds  in  weight. 

The  yttrium  earths  or  "  gadollnite-earths "  (partly  replaced  by  llie  oxides  of  cerium, 
lanthanum  and  didymium)  form  a  complex  group  which  coutains  considerable  erbium^ 
also  several  new  elements  (ytterbium,  scandium,  etc.)  of  more  or  less  definite  character. 

Tttrialite.  A  silicate  of  thorium  and  the  yttrium  metals  chiefly.  Massive;  amorphous. 
6.  =  4*575.  Color  on  the  fresh  fracture  olive-green,  changing  to  orange-yellow  on  surface. 
Associated  with  the  gadolinite  of  Llano  Co.,  Texas. 

Rowlandite.  An  yttrium  silicate,  occurring  massive  with  gadolinite  of  Llano  Co., 
Texas;  color  drab-green. 

Mackintoshite.  Silicate  of  uranium,  thorium,  cerium,  etc.  Massive.  Color  black. 
Llano  Co.,  Texas. 


Epiclote  Group.    Orthorhombic  and  Monoclinic. 

n  III  n     in  m 

Basic  Orthosilicates,  HK,R,Si.O,.  or  R,(ROH)R,(SiO,), 

II  n         m  in     ni 

R  =  Ca,Fe;  R  =  Al,Fe,Mn,Ce,  etc. 

a.  Orthai*h(nnbic  Section. 

ctihii 
Zoisite  Ca.(A10H)Al,(SiO,),  0-6196  :  1  : 0  3429 

fi.  Monodinic  Section. 

T?«,-^^f-.  i  wiCa,(A10H)Al,(SiO,).  a:b:i 

jspiaate  ^  ,iCa,(FeOU)Fe.(SiO,),  1-6787  :  1  :  1-8036  64°  37' 

Piedmontite      CX(AIOH)(Al,Mn),(SiO,),  1-6100  :  1  :  1-8326  64°  39' 

Allanite  (Ca.Fe),(A10H){Al,Ce,Fe),(SiO,),  1-5509  :  1  :  1-7691  64°  59' 

The  Epidote  Group  includes  the  above  complex  orthosilicates.  The 
monoclinic  species  agree  closely  in  form.  To  them  the  orthorhombic  species 
zoisite  is  also  related  in  angle,  its  prismatic  zone  corresponding  to  the  mono- 
clinic orthodomes,  etc.     Thus  we  have  : 

Zoisite    mm"\  110  a  HO  =  63"  34'.        Epidote    cr,      001  a  101  =  68"  42'. 

uu\      021  A  021  =  68'  54'.  mm',  110  A  110  =  70"    4'.  etc. 

Tliere  seems  to  be,  however,  a  monoclinic  calcium  compound,  having  the  com- 
position of  zoisite,  but  monoclinic  and  strictly  isoraorphous  with  ordinary 
epidote;  it  is  called  clinozoisite. 

ZOISITE. 

Orthorhombic.     Axes  &'.J>:6^  0  6196  :  1  :  0-34295. 

mm'",  110  A  110  =  63'  34'.  JT,    Oil  A  Oil  =  37"  52'. 

dd\      101  A  101  =  57"  56'.  oo"\  111  A  111  =  38"  24'. 

Crystals  prismatic,  deeply  striated  or  furrowed  vertically,  and  seldom 
distinctly  terminated.     Also  massive;  columnar  to  compact 

Cleavage:   h  very  perfect.     Fracture  uneven  to  subconchoidal.     Brittle. 
II  =  6-6-5.    G.  =  3-25-3-37.    Luster  vitreous  ;  on  the  cleavage-face,  h,  pearly. 
Color  grayish  white,  gray,  yellowish  brown,  greenish  gray,  apple-green;   also 
peach-blossom-red  to  rose-red.     Streak  uncolored.    Transparent  to  subtrans-' 
lucent. 

Pleochroism  strong  in  pink  varieties.  Optically  +.  Ax.  pi,  usually  ||  h ; 
also  \c.  Bx  J_  a.  Dispersion  strong,  p  <  r ;  also  p  >  v.  Axial  angle  variable 
even  in  the  same  crystal.     2Er  =  42°-90°.     p  =  1-696;  y  -^  a  =  0-006. 
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Var. — 1.  Ordinary.  Colors  gray  to  white  and  brown;  also  green.  Usually  in  indisiinct 
prismatic  or  columnar  forms;  also  in  fibrous  aggregates.  O.  =  3*2:i6-3'381.  Unionise  is  a 
very  pure  zolsite.  2.  Rose-red  or  Thuliie,  Fragile;  pleochroism  strong.  8.  tomp^tct, 
massive.  Includes  the  essential  part  of  most  saussurite  {e.g,,  in  sauasurite-gabbro),  which 
has  arisen  from  the  alteration  of  feldspar. 

Comp.— HCa,Al,Si,0„  or  4Ca0.3Al,0,.6SiO,.H,0  =  Silica  39-7,  alumina 
33*7,  lime  24*6,  water  2*0  =  100.  The  alumina  is  sometimes  replaced  by  iron, 
thus  graduating  toward  epidote,  which  has  the  same  general  formula. 

Pyr.,  etc. — B.B.  swells  up  and  fuses  at  3-3*5  to  a  white  blebby  mass.  Not  decomposed 
by  acids;  when  previously  ignited  gelatinizes  with  hydrochloric  acid.  Gives  off  water 
when  strongly  ignited. 

I>i£f. — Characterized  by  the  columnar  structure;  fusibility  with  intumescence;  resemble^ 
some  amphibole. 

.Distinguished  in  thin  sections  by  its  high  relief  and  very  low  interference-colors;  lack 
of  color  and  biaxial  character.  From  cpidote  it  is  distinguished  by  its  lack  of  color  and 
low  birefriugeuce;  from  vesuvianite  by  its  color  and  biaxial  character.  Thin  sectiona  fre- 
quently sbow  the  '* ultra  Hue*'  (p.  428)  between  crossed  nicols. 

Oba.— Occurs  especiiillv  in  those  crystalline  schists  which  have  been  formed  by  the 
•dynamic  metamorphism  of  basic  igneous  rocks  containing  plagioclase  inch  in  lime.  Com- 
monly accompanies  some  one  of  the  amphiboles  (actinolite,  smaragdite,  glaucophane,  etc.); 
thus  in  amphibolite,  glaucophane  schist,  eclogite;  often  associated  with  corundum. 

The  original  zolsite  is  that  of  the  ecloi^ite  of  the  Saualpe  in  Carintbia  {saualpiuy  Other 
localities  are:  Kauris  in  Salzburg;  Sterzing,  etc..  in  Tyrol;  the  Fichtelgebirge  in  Bavaria: 
Marschendorf  in  Moravia;  Satisthal  in  Switzerland;  the  island  of  Syra,  one  of  the  Cyclades. 
in  glaucophane  schist.  ThulUe  occurs  at  Kleppan  in  Tellemarken,  Norway,  and  at  Tra- 
Tersella  in  Piedmont. 


EPIDOTB.    Pistacite.    Pistazit,  Qerm. 

Monoclinic.    Axes  d  :  ^ :  <}  =  1*5787 

mm"\  no  A  110  =  109"  56'. 
ca,  001  A  100  =  64'  37'. 
ftj,  001  A  101  =  3r  48'. 
er,  001  A  iOl  =  68''  42'. 
a/,   100  A  101  =  Sr  41'. 


1:1-8036;  /?=64'37'. 

c/.   001  A  201  =  89-  26'. 

eo,   001  A  on  =  58,  28*. 

en,  001  A  ill  =  75**  11'. 
an"\  100  A  HI  =  69*  2'. 
nn"\  in  A  111  =  70-  29'. 


Twins:  tw.  pi.  a  common,  often  as  embedded  tw.  lamellsB.   Crystals  usually 
prismatic  |  the  ortho-axis  1>  and  terminated  at  one  extremity  only;  passing 


860. 


862. 


863. 


into  acicular  forms;  the  faces  in  the  zone  ac  deeply  striated.  Also  fibrons, 
divergent  or  parallel;  granular,  particles  of  various  sizes,  sometimes  fine 
granular,  and  forming  rock-masses. 
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Cleavage:  c  perfect;  a  imperfect.  Fracture  uneven.  Brittle.  EL  =  6-7. 
G.  =  3-25-3'5.  Luster  vitreous;  on  c  inclining  to  pearly  or  resinous.  Color 
pistachio-green  or  vellowish  green  to  brownish 
green,  greenish  black,  and  black;  sometimes 
clear  red  and  vellow;  also  fi[ray  and  g^rayish 
white,  rarely  colorless.  Streak  uncolored,  gray- 
ish. Transparent  to  opaque:  generally  sub- 
t  run  sill  cent. 

Pleocbroism  strong:  yibrations  |  c  green,  b 
brown  and  strongly  absorbed,  Q  yellow.  Absorp- 
tion nsually  b  >  c  >  a  ;  but  sometimes  c  >  b  > 
a  in  the  variety  of  epidote  common  in  rocks. 
Often  exhibits  idiophanous  figures;  best  in  sec- 
tions normal  to  an  optic  axis,  but  often  to  be  ob- 
served in  natural  crystals  (Sulzbach),  especially 
if  flattened  I  r  (lOl).  (See p.  218.)  Optically-. 
Ax.  pi.  I  h.  Bx.^r  A  <!  =  -  2°  66'.  Hence  c  J.  a  (100)  nearly.  Dispersion 
inclined,  strongly  marked ;  of  the  axes  feeble,  p  >  v.  2H,j.y  =  91°  20'. 
p^  =z  1-75702.      Birefringence  high,  y  —  a  =  0038  —  0-056. 

Var.— Epidote  has  ordinarily  a  peculiar  yellowish  green  (pistachio)  color,  seldom  found 
in  other  minerals.  But  this  color  passes  into  dark  and  light  shades — hlack  on  one  side  and 
brown  on  the  other;  red,  yellow  and  colorless  varieties  also  occur. 

Var.  1.  Ordinary,  Color  ereen  of  some  shade,  as  described,  the  pistachio  tint  rarely 
absent,  (a)  In  crysUls.  (b)  Fibrous,  (e)  Oranular  massive,  (d)  Seorga  is  epidote  sand 
froiit  the  gold  washings  in  Transylvania.  The  Arendal  epidote  (Arendalite)  u  mostly  in 
dnrk  green  crystals;  that  of  Bourg  d'Oisans  Dauphiu6  (Thalliie,  DdphinUe,  OUaniU)  in  yel* 
lowisli-green  crystals,  sometimes  transparent,  Pu%chkiniU  includes  crystals  from  the  aurif- 
erous sands  of  Ekaterinburg,  Ural.  AcfimatiU  is  ordinary  epidote  from  Achmatovsk,  Ural. 
A  variety  from  Garda,  Hoete  Is.,  Terra  del  Fuefo,  is  colorless  and  resembles  zoisite. 

2.  The  Bueklandite  from  Achmatovsk,  described  by  Hermann,  is  black  with  a  tinge  of 
green,  and  differs  from  ordinary  epidote  In  having  the  crystals  nearly  symmetrical  and  not, 
like  other  epidote,  lengthened  in  the  direction  of  tbe  orthodiagonaf.    G.  =  8  51. 

8.  WWiamite.  Carmine-red  to  straw-yellow,  strongly  pleochroic;  deep  crimson  and 
slraw-yellow.  H.  =  6-6  5;  G.  =  8*187;  in  small  radiated  groups.  From  Glencoe,  in  Argyle- 
shire,  Scotland.    Sometimes  referred  to  piedmontite,  but  contains  little  MnO. 

Comp*— HOa,(Al,Fe).Si.O,.  or  H  0.4CaO,3(Al,Fe,),0..6SiO.,  the  ratio  of 
alnmininm  to  iron  varies  commonly  from  6  :  1  to  3  :  2.  Percentage  composi- 
tion: 

Fot  Al :  Fe  =  8  : 1  SiO,  87  87,  Al.O.  24*18,  Fe,0. 12-80,  CaO  28  61,  HaO  1-89  =  100 

ClinotoiaUe  is  an  epidote  without  iron,  having  the  composition  of  zoisite; /^t/^^'ife  is 
probiibly  the  same  from  an  anorthite-gneiss  in  Ceylon.  PieroepidoU  is  supposed  to  contain 
Mg  in  place  of  Ca. 

Pyr.,  etc. — In  the  closed  tube  gives  water  on  strong  ignition.  B.B.  fuses  with  intumes- 
cence at  8-3-5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts  for  iron 
and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  gelatinizes  with  acid.  Decomposed  on  fusion  with  alkaline 
carbonates. 

Diff.— Characterized  often  by  its  peculiar  yellowish-green  (pistachio)  color;  readily  fusi- 
ble  and  yields  a  magnetic  globule  B.B.  Prismatic  forms  often  longiludiually  striated,  but 
tl ley  have  not  the  angle,  cleavage  or  brittlencss  of  tremolite;  tourmaline  has  no  distinct 
cliavnge,  is  less  fusible  (in  common  forms)  and  usually  shows  its  hexagonal  form. 

Recognized  in  thin  sections  by  its  high  refraction;  strong  interference-colors  rising  into 
tliose  of  the  third  order  in  ordinary  sections;  decided  color  and  striking  pleocbroism;  also 
by  tbe  fact  that  tbe  plane  of  the  optic  axes  lies  transversely  to  the  elongation  of  the 
crystals. 
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Obs. — Epidote  is  commoDly  formed  by  the  metaraorpbism  (both  local  igneous  and  of 
geuemi  dynamic  cbaracter)  of  impure  calcareous  sedimeutai-y  rocks  or  igueous  rocks  cuu- 
taining  much  lime.  It  thus  ofteu  occurs  iu  gueissic  rocks,  mica  schist,  amphil>ole  ti<bi»t, 
serpentine;  so  also  in  quartzites  aud  sandstones  altered  by  neighboring  igneous  nK-k:> 
Often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  Haa  also  been  found  m 
granite  (Hobbs,  Maryland),  aud  regarded  as  an  original  mineral. 

It  is  often  associated  with  quartz,  feldspar,  actinoUte,  axinite.  chlorite,  etc    It  some- 
times forms  with  quartz  an  epidote  rock,  called  epidonie,    A  similar  rock  exists  at  Aiei 
bourne  In  Canada.      A  gneissoid  rock  consisting  of  flesh-colored  orthoclase,  quartz  uud 
epidote  from  the  Unakafits.  (N.  C.  and  Tenn.)  has  been  called  unakyte. 

Beautiful  crystallizations  come  from  Bourg  d'Oisans,  Dauphine;  the  Ala  valley  aud 
Traversella,  in  Piedmont;  £lba:  Zermatt:  Zillerthal  in  Tyrol;  also  in  fine  crystals  from  the 
Knappenwand  in  the  Untersulzbachthal,  Pinzgau,  associated  with  asbestus,  adularia,  apa- 
tite, titanite,  scheelite;  further  at  Striegau,  Silesia;  ZOpUu,  MoraTia;  Arendal,  Norway;  tbe 
Achmatovsk  mine  near  Zlatoust,  Ural. 

In  N.  America,  occurs  in  N.  Bamp.,  at  Franconia.  in  Mda,,  at  Hadlyme  and  Chester, 
in  crystals  in  gneiss;  at  Atbol,  in  syenitic  gneiss,  in  fine  crystals,  2  m.  S.  W.  of  the  ceuier 
of  the  town;  Newbury,  in  limestone.  In  Conn.,  at  Haddam,  in  large  splendid  .crystals. 
In  N.  York,  near  Amity;  Monroe,  Orange  Co.;  Warwick,  pale  yellowish  green,  with  titanite 
and  pyroxene.  In  N.  Carolina,  at  Hampton's,  Yanoejr  Co. ;  White's  mill,  Gaston  Co.;  Frank- 
lin, Macon  Co.;  in  crystals  and  crystalline  masses  in  quartz  at  White  Plains,  Alexander 
Co.    In  Michigan,  in  the  Lake  Superior  region,  at  many  of  tbe  mines. 

Epidote  was  named  by  Hatly,  from  the  Qreek  e«ido<rti,  inereaae,  translated  by  him. 
"qui  &  re^u  un  accroisseraent,"  the  base  of  the  prism  (rhomboidal  prism)  having  one  side 
longer  than  tbe  other.  Pi$taciU,  from  icta-TaKia,  the  putachiO'nut,  refers  to  the  color 

^edmontite.  Similar  in  angle  to  ordinary  epidote,  but  contains  5  to  16  p.  c.  Mi>sOi. 
H.  =  6*5.  G.  =  8*404.  Color  reddish  brown  and  reddish  black.  Pleochroism  strone. 
Absorption  a  >  b  >  c.  Optically  +.  Ax.  pi.  |  6.  Bx,.,  A  ^  =  -f  82'  84'.  a  a  ^  =  -  6* 
to  —  8**.  Occurs  with  manganese  ores  at  St.  Marcel,  Piedmont.  In  crystalline  schists  on 
He  de  Groix,  France;  in  glaucophane-scbist,  in  Japan.  Occasionally  in  quartz  porpfayiy, 
as  in  the  antique  red  porphyry  of  Egypt,  also  that  of  South  Mountain,  Penn. 

ALLANITB.    Orthite. 

Monoclinic.  Axes,  p.  437.  In  angle  near  epidote.  Crystals  often  tabu- 
lar I  a;  also  lon^  and  slender  to  acicular  prismatic  by  elongation  |  axis  2. 
Also  massive  and  in  embedded  grains. 

Cleavage:  a  and  c  in  traces  ;  also  m  sometimes  observed.  Fracture  uneven 
or  subconchoidal.  Brittle.  H.  =5*5-6.  G.  =  3*0-4 '2.  Luster  submetallic, 
pitchy  or  resinous.  Color  brown  to  black.  Subtranslucent  to  opaque.  Pleo- 
chroism strong  :  c  brownish  yellow,  b  reddish  brown,  a  greenish  brown.  Opti- 
cally — .  Ax.  pi.  II  h.  Bxa  A  <5  =  32i°  approx.  /8  =  1-682.  Birefringence 
low;  y  ^  a  =.  0*032.  Also  isotropic  and  amorphous  by  alteration  analogous 
to  gadolinite. 

Vi,--AUaniU,  The  original  mineral  was  from  East  Greenland,  in  tabular  crystals 
or  plates.  Colo  black  or  brownish  black.  G.  =  3-50-8-95.  Bucklandite  is  anhydrous 
allanite  in  small  black  crysUls  from  a  magnetite  mine  near  Arendal.  Norwav.  BagraUon- 
ite  occurs  in  black  crvstals  which  are  like  tbe  bucklandite  of  Achmatovsk  (epidote). 

Orthite  included,  in  its  original  use.  the  slender  or  acicular  prismatic  crystals,  containlo? 
some  water,  from  Pinbo,  near  Falun,  Sweden.  But  these  graduate  into  massive  forms,  and 
some  orthites  are  anhydrous,  or  as  nearly  so  as  most  allnnite.  The  name  ia  from  ofAor. 
etraight.  „j^  ^ 

Comp.— Like    epidote   HKR.Si.O,,  or  H,0.4R0.3R,0,.6SiO,  with  R  =  Ca 

and  Fe,  and  R  =  Al,Fe,  the  cerium  metals  Ce,  Di,  La,  and  in  smaller  amount? 
those  of  the  yttrium  group.  Some  varieties  contain  considerable  water,  bnt 
probably  by  alteration. 

Pyr. .  etc.— Some  varieties  give  much  water'in  the  closed  tube,  and  all  kinds  vield  a  small 
amount  on  strong  ignition.    B.B.  fuses  easily  and  swells  up  (P.  =  2-5)  to  a  dark,  blebby. 
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miii^Detic glass.  With  the  fluxes  reacts  for  imu.  Most  yarieties  gelatinize  with  hydrochloric 
ucid,  but  if  previously  ignited  are  not  decomposed  by  acid. 

Obs. — Occurs  in  albitic  and  common  feldsi)uthic  gmnite,  gneiss,  syenite,  zircon  syeniii^ 
porphyry.  Thus  in  Greenland  ;  Norway  ;  Sweden  ;  Strieguu,  Silesia  Also  in  white  liniV' 
hione  us  at  Auerbach  on  the  Bergstrasse  ;  often  in  mines  of  magnetic  iron.  Kather  <()innu)v 
.isun  accessory  constituent  in  many  rocks,  as  in  andesite,  diorite.  dacite,  rh}olite,  tlie  ii>nHlit«e 
uf  Mt.  Adamello,  the  scapolite  rocks  of  Odegaardeu,  Norway,  etc.  Somciimes  inclosed  04 
u  nucleus  iu  crystals  of  the  isomorphous  species,  epidote. 

At  Vesuvius  in  ejected  masses  with  sauidine,8odalite,  nephelite,  hornblende,  etc.  Sinti. 
larly  in  trachytic  ejected  masses  at  the  Laacher  See  (bueklandite). 

In  Mtiu.,  at  the  Bolton  quarry.  In  N,  York,  Moriah,  Essex  Co.,  with  magnetite  imi 
apatite  ;  at  Monroe,  Orange  Co.  In  N,  Jeney,  at  Franklin  Fumance  with  feldspar  and  mag«> 
iietite.  In  PtMi,^  at  B.  Mountain,  near  Bethlehem,  in  laree  crystals  ;  at  £.  Bradford  ;  i^ettr 
Eokbardt's  furnace,  Berks  Co. .  abundant.  In  Fir^'nia,  in  Targe  masses  in  Amherst  C«).;  als^ 
in  Bedford,  Nelson,  and  Amelia  counties.  'In  N.  Carolina,  at  many  points.  At  the  Devii't 
Head  Mt.,  Douglas  Co.,  Colorado. 


Axmrm. 

Triclinic.    Axea  d:i:d  =  0*4921  :  1  :  0-4797  ;  a  =  82°  54',  /3  =  91°  52', ' 
r  «  131°  32'. 

856.  866.  867. 


Dauphin^.  Poloma.  Bethlehem,  Pa» 

am.  100  A  100  =  15'  84'.  Mr,  110  A  Hi  =  45'  15'. 

aM,  100  A  110  =  28'  55'.  wr,  110  A  111  =  64''  22'. 

as,  100  A  201  =  21''  87',  nu,  110  A  201  =  27''  57'. 

Crystals  usually  broad  and  acute-edged,  but  varied  in  habit.  Also  massiv€^ 
lamellar,  lamellsB  often  curved  ;  sometimes  granular. 

Cleavage  :  b  distinct.  Fracture  conchoidal.  Brittle.  H.  =  6*5-7.  G.  =r 
3-271-3-294.  Luster  highly  glassy.  Color  clove-brown,  plum-blue, and  pearl- 
gray  ;  also  honey-yellow,  greenish  yellow.  Streak  uncolored.  Transparent  to 
subtranslucent.  rleochroism  strong.  Optically  — .  Ax.  pi.  and  Bx»  approxi- 
mately ±  X  (111).  Axial  angles  variable.  2Ha.r  =  87°  30'  ;  0^  =  1-678. 
Pyroelectric  (d.  234). 

Comp. — Aboro-silicate  of  aluminium  and  calcium  with  varying  amounts  of 
iron  and  manganese.  Perhaps  II,R,(BO)Al,(SiO J.  (Whitfield.)  R  =  Cal. 
cinm  chieily,  sometimes  in  large  excess,  again  m  smaller  amount  and  manga^ 
nese  prominent ;  iron  is  present  in  small  quantity,  also  magnesium  and  basic 
hydrogen. 

Oentb. 

B,0,  A1,0,  Fe,0,  PeO    MnO  CnO    MgO     ign. 
4-62    17-90    3-90    402      8*79  21  66    0'74    2 16  =  100-32 
5-10    16-78    1-03    1-60*  18-69  18-25    0-28    0-76  =  100-16 
•ZnO,  including  0-12  CnO. 
Pyx.,  etc.— B.B.  fuses  readily  with  intumescence,  imparts  a  pale  green  color  to  the  O.F„ 


Analyses.     1,  Whitfield  :  2, 

G.     8iO, 
Bourg  d'Oisans  41  '53 

Franklin,  eryst  8-358  42-77 
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and  fuses  at  2  to  a  dark  green  to  bhick  glass  ;  with  bor-ix  iu  O.F  gives  an  anielhystiue 
bead  (lUHUganese),  which  iu  R.F.  becomes  yellow  (iron).  Fused  witli  u  mixture  of  bibufphaie 
of  iM)Uish  and  fluor  ou  the  platinum  loop  colors  the  flume  greeu  (boricr  acid).  !Not  decom- 
posed by  acids,  but  when  previously  ignited,  geltttiuizes  wiih  hydrocbloric  ucid. 

Obs,— Axluite  occurs  in  clove-browu  crystals,  uear  Bourg  d'Oihim>  iu  Dauphine  :  &i 
Andreasberg  ;  Striegau,  Silesia  ;  ou  Mt.  Skopi,  iu  eastern  Switzerland  ;  Elba  ;  at  the  silver 
mines  of  Eong8l)erg,  Norway  ;  Nordmark,  Sweden  ;  near  Miask  in  the  Ural  ;  in  Gomwaii. 
of  a  dark  color,  at  the  Botallack  mine  near  St.  Just.  etc. 

In  tlie  U.  S.,  at  Phippsburg,  Maine  ;  Franklin  Furnace,  K.  J.,  honey-yellow  ;  at  Beth- 
lehem, Pa. 

Named  from  d^irtf,  an  axe,  in  allusion  to  the  form  of  the  crystals. 


PREHNTTB. 

Orthorhombic-hemimorphic.     Axes  dil  ',i-=  0*8401  :  1 :  0*5549. 

Distinct  individual  crystals  rare;  usually  tabular  I  c\  soiuetimes  prismatic 
mm'"  =  80°  4';  again  acute  pyramidal.  Commonly  in  groups  of  tabular 
crystals,  united  by  c  making  broken  forms,  often  barrel-shaped.  Beniform, 
globular,  and  stalactitic  with  a  crystalline  surface.  Structure  imperfectly 
columnar  or  lamellar,  strongly  coherent;  also  compact  ^anular  or  impalpable. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  H.  =  6-6-5.  G.  =  2-80- 
2*95.  Luster  vitreous;  c  vreak  pearly.  Color  light  green,  oil-green,  passing  into 
white  and  gray;  often  fading  on  exposure.  Subtransparent  to  translucent. 
Streak  uncolored. 

Comp. — An  acid  orthosilicate,  H,Ca,Al,(SiOJ,  =  Silica  43*7,  alumina  248, 
lime  27-1,  water  4^4  =  100. 

Prehnite  is  sometimes  classed  with  the  zeolites,  with  which  it  is  often  associated ;  the 
"water  here,  however,  has  been  shown  to  go  off  only  at  a  red  heat,  and  hence  plays  a  differ- 
eut  part. 

Pyr.,  etc. — ^In  the  closed  tube  yields  water.  B.B.  fuses  at  2  with  intumesccDce  to  a 
blebby  enamel-like  glass.  Decomposed  slowly  Ly  hydrochloric  acid  without  gelatinizing; 
after  fusion  dissolves  readily  with  gelatinization. 

Di£~RB.  fuses  readily,  unlike  beryl,  green  quartz,  and  chalcedony.  Its  hardness  is 
greater  than  that  of  the  zeolites. 

Obs. — Occurs  chiefly  in  basic  eruptive  rocks,  basalt,  diabase,  etc.,  as  a  secondary  mineral 
in  veins  and  cavities,  often  associated  with  some  of  the  zeolites,  aUo  datolite,  pectolite, 
calcite,  but  commonly  one  of  the  first  formed  of  the  series;  also  less  often  iu  granite,  gneiss, 
syenite,  and  then  frequently  associated  with  epidote;  sometimes  associated  with  native 
copper,  as  in  the  L.  Superior  region. 

At  St.  Christophe,  near  Bourg  d'Oisans  in  Dauphin^;  Fassathal,  Tyrol;  the  Ala  valley 
in  Piedmont:  in  the  Harz,  near  Andreasberg;  in  granite  at  Striegau,  Silesia;  Areudnl. 
|^"orway;  ^delfors  in  Sweden  ((sdelite)\  at  Corstorphine  Hill,  near  Edinburgh;  Moume  Mts.. 
Ireland. 

In  the  United  States,  finely  crystallized  at  Farmington,  Conn.;  Paterson  and  Berptn 
Hill,  N.  J.:  in  syenite,  at  Somerville,  Mass.;  on  north  shore  of  Lake  Superior,  and  tht 
copper  region. 

Named  (1790)  after  Col.  Prehn,  who  brought  the  mineral  from  the  Cape  of  Good  Hop* . 

Haratigite.  An  acid  orthosilicate  of  manganese  and  calcium.  In  small  colorless  ].ris 
matic  crystals.  H.  =  5'5.  G.  =  8049.  From  the  Harstig  mine,  near  Pajsberg,  Werm- 
land.  Sweden. 

Ouspidlne.  Contains  silica,  lime,  fluorine,  and  from  alteration  carbon  dioxide;  formuVa 
doubtful.  In  minute  spear-shaped  crystals  H.  =  5-6.  G.  =  2 '858-2  860.  Color  paU- 
rose-red.    From  Vesuvius,  in  ejected  masses  in  the  tufa  of  Monte  Somma. 


IV.  Subsilicates. 


The  species  here  included  are  basic  salts,  for  the  most  part  to  be  refern- 1 
either  to  the  metasilicates  or  orthoailicates,  like  many  basic  compounds  alron  :} 
included  in  the  preceding  pages.  Until  their  constitution  is  definitely  s«'i  t .»  ' 
however,  tl'.oy  ,?re  more  conveniently  grouped  by  themselves  as  Subsilicati  - 
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It  may  be  noted  that  those  species  having  an  oxygen  ratio  of  silicon  to  bases 
of  2  :  3,  like  topaz,  andalusite,  sillimanite^  datolite,  etc.,  also  calamine,  car- 
pholite,  and  pjernaps  tourmaline^  are  sometimes  regarded  as  salts  of  the  hypo- 
thetical parasilicic  acid,  H.SiOj. 

The  only  prominent  group  m  this  subdiyision  is  the  Humite  Gboup. 

Humite  Group. 

Proleotite        [Mg(F,OH)],Mg[SiO J ,?    Monoclinic         1-0803 : 1 : 1-886 1  90^ 

Chondrodite    [Mg(F,OH)l,Mg,[SiOJ,    Monoclinic         1-0863:1:3-1447  90^ 

l:&:6 

Humite  [Mg(F,OH)],Mg.[SiOJ,     Orthorhombic    1-0802:1:4-4033  - 

'^iinohumite    [Mg(F,OH)],Mg,[SiOJ,    Monoclinic         1-0803:1:6-6588  90^ 

The  species  here  included  form  a  remarkable  series  both  as  regards  crys- 
tulliiie  form  and  chemical  composition.  In  crystallization  they  have  sensibly 
the  same  ratio  for  the  lateral  axes,  while  the  vertical  axes  are  almost  exactly 
in  the  ratio  of  the  numbers  3:5:7:9  (see  also  below|.  Furthermore,  though 
one  species  is  orthorhombic,  the  others  monoclinic,  tney  here  also  correspond 
closely,  since  the  axial  angle  /S  in  the  latter  cases  does  not  sensibly  differ 
from  90°. 

In  composition,  as  shown  by  Penfield  and  Howe  (also  Sj5gren),  the  last 
three  species  are  basic  orthosilicates  in  each  of  which  the  univalent  group 
(MgF)  or  (MgOH)  enters,  while  the  Mg  atoms  present  are  in  the  ratio  of  3 : 5 : 7. 
The  composition  given  for  Prolectite  is  theoretical  only,  being  that  which 
would  be  expected  from  its  crystallization.  In  physical  characters  these 
species  are  very  similar,  and  several  of  them  may  occur  together  at  the  same 
locality  and  even  intercrystallized  in  parallel  lamellsB. 

The  species  of  the  group  approximate  closely  in  angle  to  chrysolite*  and  chiysoberyl. 
The  axial  ratios  may  be  compared  as  follows: 

Prolectite d:    S:  Ji  =  l-0e03: 1 :  0  6287 

Chondrodite d:    S :  i  c  =  1*0868 : 1 .  0  6289 

Humite 5:    d:  |  A  =  10802 : 1 :  06291 

Olinohumite d:    S:  jo  =  10808: 1:06288 

Chrysolite J  ;  2d  :     A  =  10785 :  1 :  06296 

Chrysoberyl S :  24  :     A  =  10637 : 1 :  06170 

CHONDRODITE— HUMITB—OUNOHUBnTB. 

Axial  ratios  as  given  above.  Habit  varied.  Figs.  858  to  866.  Twins 
common,  the  twinning  planes  inclined  60°,  also  30°,  to  c  in  the  brachydome 
or  clinodome  zone,  hence  the  axes  crossing  at  angles  near  60°;  often  repeated 
as  trillings  and  as  polysynthetic  lamellsB  (cf.  Fig.  556,  p.  226).  Also  twins, 
with  c  (001)  as  tw.  plane.  Two  of  the  three  species  are  often  twinned  together. 
Cleavage:  e  sometimes  distinct.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  6-6*5.  G.  =  3-1-3-2.  Luster  vitreous  to  resinous.  Color 
white,  light  yellow,  honey-yellow  to  chestnut-brown  and  garnet-  or  hyacinth- 
red.     Pleochroism  sometimes  distinct.     Optically  +• 

ChondrodiU.  Absorption  a  >  c  >  B.  Optically  -f .  Ax.  pi.  and  Bx,  i  6.  Bv©  A  ^  = 
tt  A  (i  =  -f  ^S"  52'  Brewster;  28*  56'  Knfvellorp;  80"  approx.,  Mte.  Somma.  fi  =  1-619; 
y  -  rr  =  0  032.     2H.  r  =  86"  to  89^ 

Humite.     Ax.  p\.\e.    Bx  l  a.    y  -  a  =  0085. 

Clinohumite.  Ax.  pi.  and  Bx,  l  b.  Bxo  a^  =  cl  Ai  =  +  ir-12';  7^  appi-ox.,  Brew- 
ster.    2H..r  =  85*. 
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860. 


Figs.  858,  859,  OhondrodUe,  Brewster,  N.  Y.  ClumdrodiU,  Sweden. 

<{Oia),    «i(108).    €,  (101),   n  (137),  r,  (123),    r,  (125),    r*  (121),    n,  (111). 

861.  862.  863. 


SZ 


C 


it 


Figs.  861,  862,  CJumdrodUe,  Mte.  Somma. 
Symbols  see  above. 
864.  866. 

e 


Humite,  Sweden. 

<?.(210).  e,(015).«,(013). 

866. 


^J^  -r, 

"7"^'^ 

tVhi 

pa 

&*  -^  > 

"**'  / 

u) — W 

M 

-r,   L/ 

e,  ■*"^" 

HumiU,  Vesuvius.  C^noAumtto, Brewster.        Clinoliumite,  Mte.  Somma. 

tf»(011).    r,  (2  1-10),    r.  (216).  ia(014),  ».(012),  tf,  (108),  «4(101).  n(i27),  rt(i23), 

n(212),   n»(113).   n,(lll).  n  (125),    r.  (121). 

Comp. — Basic  fluosilicates  of  magnesinm  with  related  formulas  as  shown 
in  the  table  above,  Hydroxyl  replaces  part  of  the  fluorine,  and  iron  often 
takes  the  place  of  magnesium. 


Analyses  by  Penfield: 

SiO, 

MgO 

FeO 

F 

H,0 

Ghondrodite,  Brewster 

33-67 

54-79 

5-94 

5-80 

2-55  = 

102-25 

"           Mte.  Somma 

33-87 

56-46 

8-66 

5-15 

2  82  = 

101-96 

HumiU,                  '* 

86-63 

56  45 

2-35 

3-08 

2-45  = 

100-96 

ClinohumiU, 

38  03 

54  00 

4-83 

206 

1-94  = 

100-86 
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Pyr.,  etc.— B.B.  infudble;  some  Tarieties  blacken  and  then  burn  white.  Fused  'with 
potassium  blsulphate  iu  the  closed  tube  gives  a  reaction  for  fluorine.  With  tlie  fluxes 
u  reaction  for  iron.  Gelatinizes  with  acids.  Heated  with  sulphuric  tkcid  gives  oil  siiicon 
fluoride. 

Obs.— Chondrodite,  humite»  and  clinohomite  all  occur  at  Vesuvius  in  the  ejected  mnsses 
l;oth  of  limestone  or  feldspathic  type  found  on  Monte  Somma.  They  are  associated 
with  chrysolite,  biotite,  pyroxene,  magnetite,  spinel,  vesuvianite,  calcite,  etc.;  also  less 
often  with  siiuidine,  meionite,  nephelite.  Of  the  three  species,  humite  is  the  rarest  and 
cliDohilniite  of  most  frequent  occurrence.  They  seldom  all  occur  together  in  the  same 
uuiss.  and  only  rarely  two  of  the  species  (as  humite  and  clinohumite)  appear  together. 
Occasionally  clinohumite  interpenetrates  crystals  of  humite,  and  parallel  iutergrowths  with 
chrysolite  bave  also  been  observed. 

Cfumdrodite  occurs  at  Mtc.  Somma,  as  above  noted;  at  Pargas,  Finland,  honey-yellow 
in  limestone;  at  Kafveltorp.  Nya-Eopparberg,  Sweden,  associated  with  chalcopyrite, 
galena,  sphalerite.  At  Brewster,  N.  Y.,  at  the  Tilly  Foster  magnetic  iron  mine  in  deep 
garnet-red  crystals.  Also  probably  at  numerous  points  where  the  occurrence  of  "c hon- 
drodiie"  has  been  reported. 

Humiie  also  occurs  at  the  Ladu  mine  near  Filipstadt,  Sweden,  with  magnetite  in  crys- 
talline  liuiestone.  In  crystalline  limestone  with  clinohumite  in  Andalusia.'  Also  in  large, 
coarse,  piirtly  altered  crystals  at  the  Tilly  Foster  iron-mine  at  Brewster,  N.  Y. 

CiinohumiU  occurs  at  Mte.  Somma  and  in  Andalusia;  in  crystalline  limestone  near 
L.  Baikal  in  East  Siberia;  at  Brewster,  N.  Y.,  in  rare  but  highly  modified  crystals. 

ProUetiU  is  from  the  Ko  mine,  Nordmark,  Sweden;  very  rare;  imperfectly  known. 

Numerous  other  localities  of  "  chondrodiie  "  have  been  noted,  chiefly  in  ci-yslalline 
limestoue;  most  of  them  are  probably  to  be  referred  to  the  Eoecies  chondrodite,  but  the 
identity  in  many  cases  is  yet  to  be  proved.  At  Brewster  large  quantities  of  massive 
"  chondrodite"  occur  nssociated  with  magnetite,  enstatite,  ripldolite,  and  fiom  its  extensive 
alteratitm  serpentine  has  been  formed  on  a  large  (cale.  The  granular  minei-al  is  common 
in  limestone  iu  Sussex  Co  ,  K.  J.,  and  Orange  Co.,  N.  Y.,  associated  with  spinel,  and  occa- 
sionally with  pyroxene  and  corundum.  Also  in  Jttast,,  at  Chelmsford,  with  scapolite; 
at  South  Lee,  in  limestone.  In  Canada,  in  limestone  at  St.  Jerome,  Grenville,  etc., 
ubundant. 

The  name  chondrodite  is  from  xovdpo^,  a  grain,  alluding  to  the  granular  structure. 
Humite  is  from  Sir  Abraham  Hume. 


ILVATTB.    Lievrite.     Yenlte. 
Orthorhombic.    Axes  &:hi==  0*6665 : 1 : 0-4427. 
867  '  rnm"\  110  A  110  =  67'  22'.  r/,    101  A  101  =  67'  11'. 

^-^r7\^  «',        120  A  120  =  73M5'.  oo\    111  A  111  =  62' 88'. 

\Jj  t^        Commonly  in  prisms,  with  prismatic  faces  vertically  striated. 
Columnar  or  compact  massive. 

Cleavage:  b,  c  rather  distinct.  Fracture  uneven.  Brittle. 
H.  =  5-5-6.  G.  =  3*99-4 -05.  Luster  submetallic.  Color  iron- 
black  or  dark  grayish  black.  Streak  black,  inclining  to  green  or 
brown.     Opaque.  * 

Oomp.— CaFe,(PeOH)(SiO,),    or    H,O.Ca0.4FeO.Fe,0,.4SiO, 
'Co^JT^^   =  Silica  29*3,  iron   sesquioxide  19-6,   iron  protoxide  35-2,  lime 
^^^-"'"^    13'7,  water  2*2  =  100.     Manganese    may    replace    part    of    the 
ferrous  iron. 

Pyr.,  etc. — B.B,  fuses  quietly  at  25  to  a  black  magnetic  bead.  With  the  fluxes  reacts 
for  iron.  Some  varieties  give  also  a  reaction  for  manganese.  Gelatinizes  with  hydro- 
chloric acid. 

Obs.—Found  on  Elba  in  dolomite;  on  Mt.  Mulatto  near  Predazzo,  Tyrol,  in  gnmite; 
Sc-lineeberg,  Saxony:  Possum,  in  Norway.  Reported  as  formerly  found  at  Cumberland, 
K.  I.:  also  at  Milk  feow  quarry,  Somervil'le.  Mass,  Named  Ilvaits  from  the  Latin  name  of 
the  island  (Elba). 

Ardennite.  Dewalquite.  A  yanadio-silicate  of  aluminium  and  manganese;  also  con- 
mining  arsenic.  In  prismatic  crystals  resembling  ilvaite.  H.  =  6-7.  G.  =  8'620.  Yellow 
to  yellowish  brown.    Found  at  Siilm  Chftiean  in  the  Ardennes,  Belgium. 
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liangbanite.  Manganese  silicate  with  ferrous  autimoiiiite;  formula  doubtful.  In  iron- 
blnck  bexagonal  prismatic  crystals.  H.  =  (>  5.  G.  =  4  918.  Lubtur  metallic.  From 
L&ugban,  Sweden. 

The  following  are  rare  lead  silicates.    See  also  p.  408. 

Kentrolita.  Probably  8Pb0.2MntOs.86iOt.  lu  minute  prismatic  crystals ;  often  id 
sbeaf-like  forms;  nlso  massive.  H.  =  5.  G.  =  8  19.  Color  dark  reddiiib  browu;  black 
on  tbe  surface.     From  southern  Chili;  L4ngban,  Sweden. 

Melanoteklte.  3Pb0.2Fe,0,.88iO,  or  (Fe40a)Pb«(J5i04)t  Warren.  Ortborhombic:  pri- 
tnatic.  Massive;  dtavable.  H.  =  6*5.  G.  =  5*78.  Luster  metallic  to  greasy.  Color  black 
to  blackish  gray.  Occurs  with  native  lead  at  L&ngban,  Sweden.  Also  in  crystals  re^embliug 
kentroliie  at  Hillsboro,  New  Mexico. 

Bertrandite.  HsBe«Sis09  or  H<0.4Be0.2SiOs.  Orthorhombic-hemimorphic.  In  small 
tabular  or  priimatic  crystals.  H.  =  6-7.  G.  =  2'59-2*60.  Colorless  to  pale  yellow. 
Usually  occurs  in  feldspalhic  veins,  often  with  other  beryllium  minerals  aa  a  result  of  the 
alteration  of  beryl.  At  the  quarries  of  Barbin  near  Nantesi  France;  Pisek,  Bohemia;  31t. 
Antero,  Chaffee  Co.,  Colo.,  with  phenacite;  Btoneham^  Me.;  Amelia  Court- House.  Ya. 

OALAMXNB.    Smithsonite.    Hemimorpbite.    Kieselzinkerz,  Galmei  pt.  Germ. 

Orthorhombic-hemimorphic.    Axes  d  :  h 


i  =  07834 
869. 


tn»i"M10AliO=   76*   9*. 

i/,       101aI01=   62*46'. 

tt,       801  A  801  =  122*  41'. 

tfd',       Oil  A  Oil  =   5r    5'. 

u'.       081  A  08l  =  110*  12'. 

vff"  121  A  121=  78*  26'. 
Crystals  often  tabular 
I  b  ;  also  prismatic  ;  faces  b 
vertically  striated.  Usually 
implanted  and  showing  one 
extremity  only.  Often  grouped  in  sheaf -like  forms  and  forming  drusy  sur- 
faces in  cavities.  Also  stalactitic,  mammillary,  botryoidal,  and  fibrous  forms; 
massive  and  granular. 

Cleavage:  m  perfect;  8  (101)  less  so;  c  in  traces.  Fracture  uneven  to  sub- 
conchoidal.  Brittle.  H.  =  4*5-5,  the  latter  when  crystallized.  G.  =  3-40-3-50. 
Luster  vitreous;  c  subpearly,  sometimes  adamantine.  Color  white;  sometimes 
with  a  delicate  bluish  or  greenish  shade;  also  yellowish  to  brown.  Streak 
white.     Transparent  to  translucent.     Strongly  pyroelectrio. 

Comp.— H,ZnSiO.  or  (ZnOH)  SiO,  or  H,0.2ZnO.SiO,  =  Silica  25-0,  zinc 
oxide  67*5,  water  7'5  =  100.  The  water  goes  oflE  only  at  a  red  heat;  un- 
changed at  340°  0. 

Pyr.,  etc.— In  the  closed  tube  decrepitates,  whitens,  and  gives  off  water.  B  B.  ahii(-s: 
infusible  (F.  =  6).  On  charcoal  with  soda  gives  a  coaling  which  is  yellow  while  hot,  :inci 
white  on  cooling.  Moistened  with  cobalt  solution,  and  heated  in  O.F.,  tlii»  contin:: 
assumes  a  bright  green  color,  but  the  ignited  mineral  itself  becomes  blue.  Gl*latIlJ*.zc^ 
with  acids  even  when  previously  ignited. 

Diff.— Characterized  by  its  infusibility;  reaction  for  zinc;  gelatinization  withacids.  Re- 
sembles some  smithsonite  (which  effervesces  with  acid),  also  prehniie. 

Obs. — Calamine  and  smithsonite  are  ununlly  found  associated  in  veins  or  bt^ls  in 
stratified  cjilcareous  rooks  accompanying  sulphiries  of  zinc,  iron  and  lend.  Thus  at  Afx-li 
Ch.'ipelle:  Raibel  and  Bleiberg.  in  Carinthia;  Morcsnet  in  Belgium;  Hezb&nya,  S  heraniu 
At  Ilonghten  Gill,  in  Cumberland:  at  Alston  Moor,  white;  near  Matlock,  in  Derbyshire: 
Leadhilis.  Scotland:  at  Nerchinsk,  in  easieni  Siln  ria. 

In  the  United  States  occurs  at  Sterling  Hill,  ntar  Ogdensburg.  N.  J.,  In  fine  cle.-.r 
crystalline  masses.     In  Pennsylvania,  at  the  Perkiomen  and  Pbenlxville  lead  uiines ;  &i 
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Friedensville.  Abundant  in  Virginia,  at  Ausliu's  mines  in  Wythe  Co.  With  the  zino 
deposits  of  southwestern  Missouri,  especially  about  Granbv,  both  as  crystallized  and 
massive  calamine.    At  the  Emma  mine,  Cottonwooil  Cafion,  Utah. 

The  name  Calamine  (with  OalmH  of  the  Germans)  is  commonly  supposed  to  be  a  cor- 
ruption of  Cadmut.  Agricola  says  it  is  from  calamus,  a  reed,  in  allusion  to  the  slender 
forms  (stalactitic;  common  in  the  eadmiafamaeum, 

Olinohedrite.  U.CuZuSiOft.  Monoclinicclinohedral  (see  Figs.  881.  881a,  p.  104). 
U.  =  5-6.  G,  =  8*83.  Colorless  or  white  to  amethystine.  Prom  Franklin  Furnace, 
N.J. 

Oarpholite.  H«MnAlsSitOie.  In  radiated  and  stellated  tufts.  G.  =  2*985.  CN>]or 
straw-  to  wax-yellow.  Occurs  at  the  tin  mines  of  tichlackenwald;  Wlppra,  in  the  Harz,  ou 
quartz,  etc. 

Lawsonite.  H«CaAltSi«Oio.  In  prismatic  orthorhombic  crystals  ;  mm"'  =  ^7"  10'. 
G.  =  8*09.  Luster  Titreous  to  greasy.  Colorless,  pale  blue  to  grayish  blue.  Occurs  in 
crystalline  schists  of  the  Tibum  peninsula,  Marin  Co.,  California;  also  in  the  schists  of 
Pontgibaud  and  New  Caledonia. 

Oerite.  A  silicate  of  the  cerium  metals  chiefly,  with  water.  Crystals  rare;  commonly 
massive ;  granular.  H.  =  5*5.  G.  =  4*86.  Color  between  cloyeJbrown  and  cherry-red 
to  gray.    Occurs  at  BastnSs,  near  Riddarhyttan,  Sweden. 


TOURMAUNB.    Turmalin  Oerm. 

Rhombohedral-hemimorphic.     Axis  i  =  0-4477. 
cr,  0001  A  lOll  =  2r  W.     iV.  lOil  A  IlOl  =  46*  62*.     utf. 
CO,  0001  A  0221  =  45*  57.     0(/,  0221  A  2021  =  IT   (f.     uu\ 
871.  872. 


A  8521  =  66'    1'. 
A  6281  =  42*  86'. 
873. 


876. 


Crystals  usually  prismatic  in  habit,  often  slender  to 
acicular;  rarely  flattened,  the  prism  nearly  wanting. 
Prismatic  faces  strongly  striated  yertically,  and  the 
crystals  h^nce  often  much  rounded  to  barrel-shaped. 
The  cross-section  of  the  prism  three-sided  (m,  Fifr,  877), 
six-sided  (a),  or  nine-sided  (m  and  a).  Crystals  com- 
monly hemimorphic.  Sometimes  isolated,  but  more 
commonly  in  parallel  or  radiating  groups.  Sometimes 
massiye  compact ;  also  columnar,  coarse  or  fine,  parallel 
or  divergent. 
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Cleavage:  a,  r  difficult.  Fracture  snbconchoidal  to  uneven.  Brittle  aud 
often  rather  friable.  H.  =  7-75.  G.  =  2-98-3*20.  Luster  vitreous  to  resiij 
ous.  Color  black,  brownish  black,  bluish  black,  most  common;  blue,  green, 
red,  and  sometimes  of  rich  shades;  rarely  white  or  colorless;  some  speciniens 
red  internally  and  green  externally ;  aod  others  red  at  one  extremity,  and 
green,  blue  or  black  at  the  other.  Streak  uncolored.  Transparent  to 
opaque. 

Strongly  dichroic,  especially  in  deep-colored  varieties;  axial  colors  vary  in 
widely.     Absorption  for  co  (vibrations  X  <^  much  stronger  than  for  e  (vibn 
tions  II  6^);  thus  sections  ||  d  transmit  sensibly  the  extraordinary  ray  only,  ar 
hence  their  use  {e.g.,  in  the  tourmaline  tongs  (p.  181) )  for  giving  polarizt 
light.     Exhibits  idiophauous  figures  (p,  219).     Optically  — .     Biretringeiue 
rather  high,  co  —  e  =  0-02.     Indices:  cOy  =  1*6366,  €y  =  1-6193  colorless  var.; 
<»r  =  1*6435,  €j.  =  1*6222  bl.  green.     Sometimes  abnormally  biaxial.    Becomes 
electric  by  friction;  also  strongly  pyroelectric. 

Var. — Ordinary.  Id  crystals  as  above  described  ;  black  much  tbe  most  common. 
<a)  Jiubellite;  tbe  red,  sometimes  transparent;  the  Siberian  is  mostly  violet-red  (stbetitt . 
the  BraziliuD  rose-red;  that  of  Chesterfield  nud  Goshen,  Mass.,  pale  rose-red  and  opaqr.c 
that  of  Paris,  Me.,  fine  ruby- red  and  transparent.  (6)  Jndicolite^  or  iiidigoliie/  the  blinr 
either  pale  or  bluish  black;  named  from  the  indigo-bine  color,  {c)  Brazilian  Sappliire  d:\ 
jewelry);  Berlin-blue  and  transparent,  (d)  Brogilian  Emerald.  ChrywUte  (or  Peridot)  of 
BraaU;  green  and  transpaient.  {e)  Peridot  of  Ceylon;  honey -yellow.  (/)  Achroit^;  coiur- 
less  tourmaline,  from  Elba,  (g)  AphrisUie;  black  tourmaiine,  from  fcrngerO,  Norway. 
<A)  Columnar  and  black;  coarse  oolumnnr  Resembles  somewhat  common  hornbleiKie, 
but  bus  a  more  resinous  fracture,  and  is  without  <listinct  cleavage  or  anything  like  a  fibrous 
nppenrance  in  the  textui-e;  it  often  has  the  appearance  on  a  broken  surface  of  some  kinds  of 
soft  coal. 

Comp. — A  complex  silicate  of  boron  and  aluminium,  with  also  either  mag- 
nesium, iron  or  the  alkali  metals  prominent.     The  oxygen  ratio  of  Si  :  R  is 

I  n 

in  general  2  :  3  and  the  formula  may  hence  be  written:  R.SiO^  =  R,SiO,  = 

III  I  11  m  ' 

E.SiO..     Here  E  =  Na,Li,K;  R  =  Mg,Fe,Ca;  R  =  Al,B,Cr,Fe. 

The  varieties  based  upon  composition  fall  into  three  prominent  groups,  between  which 
there  are  many  gradations  : 

1.  ALKAiii  TouRMALiNR.  Contains  sodium  or  lithium,  or  both;  also  potassium.  G.  = 
8'Q-3-l.     Color  red  to  green;  also  colorless. 

2.  Iron  Tourmaline.    G.  =  8-l-8'2.    Color  usually  deep  black. 

8.  Magnesium  Tourmaline.  G.  =  3'0-3'09.  Usually  yellow-brown  to  browiii>h 
black;  also  colorless  (anal.  54). 

A  chromium  tourmaline  also  occurs.     G.  =8120.     Color  dark  green. 
The  following  are  typical  analyses  (Riggs)  of  the  three  varieties : 

1.  Rum  ford,  Me.,  rose: 
SiO,      TiOa       P,0,     A1,0, 

8807     —       9-99    42-24 

2.  Auburn,  black: 
84-99     —       963    88-96 

3.  Gouverneur,  brown: 
87-89    119    10-73    27*89* 

a  Including  0*10  FejOf 

P3rr.,  etc.— The  ma.^nesia  varieties  fuse  riUher  easily  to  a  white  blebby  glass  or  sla:; 
1he  iron-maffnesia  var.  fuse  with  a  strong  hent  to  a  blebby  slag  or  enamel;  the  iron  vn*. 
fuse  with  difficulty,  or,  in  some,  only  oiitlie  edges;  the  iron-mngnesia-lithia  var,  fuse  m 
the  e<l|r''s,  nnd  often  with  great  difficiilly,  and  some  nre  infusible;  the  lilhia  var.  are  infiK 
ble.     With  the  fluxes  many  varieties  give  le.ictiona  for  \nm  and  manganese.     Fused  w' 


FeO 
0-26 

MnO 
0-35 

CaO     MfK) 
0-56    0-07 

Na,0 
2l8 

K,0 
0-44 

Yf, 

H,0 
426 

0'38  =  100*29 

4-28 

006 

015    1-01 

201 

0-84 

ir. 

8-62 

—    =100-i»i 

0-64 

, 

2-78  14  09 

1-72 

016 

ir. 
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lixture  of  potasdum  blsulphate  and  fluor-spar  gives  a  distinct  reaction  for  boric  acid. 
;  decomposed  by  acids. 

Diff.  — Characterized  by  its  crystallization,  prismatic  forms  usual,  ivhicli  are  three-,  six-, 
iae-sided,  and  often  with  rhoml)ohedral  terminations ;  massive  forms  with  columnar 
ctiire;  also  by  absence  of  cleavage  (unlike  amphibole  and  epidote);  in  the  common 
;k  kiuds  by  the  ooal-like  fracture;  by  hardness;  by  diflicull  fusibility  (common  kinds), 
ip  irod  with  garnet  and  vesuviauite.  The  boron  test  is  conclusive, 
[ie.iilily  distinguished  in  thin  sections  by  its  somewhat  high  relief;  rather  strong  inter- 
nee-colors;  negative  uniaxial  character;  decided  colors  in  ordinary  light  in  which  basal 
iou3  often  exhibit  a  zonal  structure.  Also,  especially,  by  its  remarkable  absorption 
ni  the  direction  of  crystal  elongation  is  ±  to  the  vibration-plane  of  the  lower  nicol:  this 
1  its  lack  of  cleavage  distinguishes  it  from  biotite  and  amphibole,  which  alone  among 
c-iuaking  minerals  show  similar  strong  absorption. 

Obs. — Commonly  found  in  granite  and  gneisses  as  a  result  of  fumarole  action  or 
nlaeralizing  gases  in  the  fluid  magma,  especialljf  in  the  pegmatite  veins  associated 
U  such  rocks;  at  the  periphery  of  such  masses  or  in  the  schists,  or  altered  limestones, 
isses,  etc.,  immediately  adjoining  them.  It  marks  especially  the  boundaries  of  granitic 
ises.  and  its  associate  minerals  as  those  characteristic  of  such  occurrences:  quartz,  albite, 
rocliue,  muscovite,  etc.  The  variety  in  granular  limestone  or  dolomite  is  commonly 
wii;  the  bluish-black  var.  sometimes  associated  with  tin  ores;  the  brown  with  titanium; 
Uthium  variety  is  often  associated  with  lepidolite.  Red  orjneen  varieties,  or  both,  occur 
r  £k.iierinburg  in  the  Ural;  Elba;  (3ampolongo  in  Tessin,  Switzerland;  Peniff, 
oay;  ills  >  the  province  Minas  Geraes,  Brazil;  yellow  and  brown  from  Ceylon;  dark 
wn  varieties  from  Eibenstock,  Saxony;  the  Zillerthal ;  black  from  Arendal,  Norway; 
.rum;  Kra^erO;  pale  yellowish  brown  at  Windisch  Kappel  in  Carinthia;  fine  black 
sttkU  occ  ir  iu  Cornwall  at  different  localities. 

In  the  U.  Stites.  in  Maine  at  Paris  and  Hebron,  magnificent  red  and  ^reen  tourmalines 
h  lepidolite,  etc.;  also  blue  and  pink  varieties;  and  at  Norway;  pmk  at  Rumford, 
bedded  in  lepidolite;  at  Auburn  in  clear  crvstals  of  a  delicate  pink  or  lilac  with  lepido- 
.  etc.;  at  Albany,  green  and  black.  In  ]uas$.,tii  Chesterfield,  red,  green,  and  blue;  at 
$heu,  blue  and  green;  at  Norwich,  New  Braintree.  and  Carlisle,  good  black  crystals.  In 
Iltmp.,  Qraftou,  Acworth;  at  Orford,  brownish  black  in  steatite.  In  Conn,,  at  Monroe, 
k  br  »tvn  in  mica -slate  ;  at  Haddam,  black  in  mica  slate;  also  fine  pink  and  e:reeu;  at 
w  Mil  ford,  black.  In  N,  York,  near  Gouverneur,  brown  crystals,  with  tremoTiie.  etc., 
graaiilar  limestone;  black  near  Port  Henry,  Essex  Co.;  near  Eden ville;  splendid  black 
stals  at  Pierrepont,  St.  Lawrence  Co.;  colorless  and  glassy  at  De  Ealb;  dark  brown  at 
Comb.  In  N.  Jersey,  at  Hamburg  and  Newton,  black  and  brown  crystals  iu  limestone, 
h  spiuel:  also  grass-green  crystals  in  crystalline  limestone  near  Franklin  Furnace.  In 
t/i..  at  Newlin,  Chester  Co.;  near  Unionville,  yellow;  at  Chester,  fine  black;  Middle- 
rii,  black;  Marple.  green  in  talc;  near  New  Hope  on  the  Delaware,  lai|ge  black  crystals, 
jhrorne  vir.  from  the  chromite  beds  in  Montgomery  Co.^  Maryland,  In  N,  Car.,  Alex- 
ier  C>).,  in  fine  black  crystals  with  emerald  and  hidden ite.  In  California,  fine  groui>8 
rub 3l lite  in  Jepidolite  in  San  Diego  Co. 

Ill  Cinada,  iu  the  province  of  Quebec,  vellow  crystals  in  limestone  at  Calumet  Falls, 
clifield.  Pontiac  Co.;  at  Hunterstown;  flue  brown  crystals  at  Clarendon,  Pontiac  Co.; 
ck  at  Oreuviile  and  Argenteuil,  Arffenteuil  Co.  In  Ontario,  in  fine  crystals  at  N.  Bur- 
a.  L'liiark  Co.;  Galway  and  Stoney  L.  in  Dummer,  Peterborough  Co. 
The  name  tunnalin  from  Turamali  in  Cingalese  (applied  to  zircon  by  jewelers  of 
^lou)  was  introduced  into  Holland  in  1703,  with  a  lot  of  gems  from  Ceylon. 

Dumortierite.     A  basic  aluminium  silicate,  perhaps  4AlaOs.8SiOa. 

Orthorhombic.  Prismatic  angle  approximately  60"*.  Usually  iu  fibrous  to  columnar 
^regates.  Cleavage:  a  distinct;  also  prismatic,  imperfect.  H.  =  7.  G.  =  3-26-3  36. 
ster  vitreous.  Color  bright  smalt-blue  to  greenish  blue.  Transparent  to  translucent. 
30chroism  very  strong:  c  colorless,  (  reddish  violet,  a  deep  ultiamariue-blue.  Exhibits 
opliauous  figures,  analogous  to  andalusite.  Optically  — .  Ax.  pi.  \  b.  Bx  ±  c, 
-a=0010. 

Recognized  in  thin  section  by  its  rather  liigh  relief;  low  interference-colors  (like  those 
quartz);  occurrence  in  slender  prisms,  needles  or  fibers,  with  negative  optical  i  xteusion; 
rallel  extinction;  biaxial  character  and  especially  by  its  remarkable  pleochroism. 

Found  embedded  in  feldspar  in  blocks  of  gneiss  at  Chaponost,  near  Lyons.  France; 
»m  Wolfshau,  near  Schmiedeberg,  Silesia;  in  the  iolite  of  the  gneiss  of  TvedesMHnd, 
>rway.  In  the  U.  S.,  it  occurs  nenr  Harlem.  New  York  Island,  in  the  pegmaloid  por- 
n  of  a  biotite- gneiss;  in  a  quarizosu  rock  at  Clip,  Yuma  Co.,  Arizona. 
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STAUROUTXI.    Staurotide. 
Orthorhombic.     Axes  &\lit^  0*4734  :  1  :  0-6828. 

mm"\  110  A  liO  =    6Q-  iff.  cr,   001  A  101  =  55*  le'. 

r/,      101  A  101  =  110"  82'.  mr.  110  A  101  =  42'    2', 

Twins  cruciform:    tw.  pi.  x  (032),  the  crystals  crossing  nearly  at  right 
angles;  tw.  pi.  %  (232),  crossing  at  an  angle  of  60**  approximately;  tw.  ]ii. 
(230)  rare,  also  in  repeated  twins  (cf.  Figs.  359,  p.  122,409,  p.  128, 411,  p.  12'm. 
rystals  commonly  prismatic  and  flattened  |  5;  often  with  rough  surfaces. 
878.  879.  880. 


h 


881. 


h  distinct,  but  interrupted ;  m  in  traces.   Fracture  subconchoidaL 
Brittle.    H.  =  7-7-5.  G.  =  3-65-3-77.   Sabvitreous, 


N 


a*- 


on 


*r 


inclining  to  resinous.  Color  dark  reddish  brown 
to  brownish  black,  and  yellowish  brown.  Streak 
uncolored  to  grayish.  Translucent  to  nearly  or 
quite  opaque.  Pleochroism  distinct:  c  (=<J)  h ja- 
cinth-red to  blood-red,  o,  b  yellowish  red ;  or  c  gold. 
yellow,  a,  b  light  yellow_to  colorless.    Optically  — . 


(ffo  \     /  m  Ax.  pi.  II (I.    Bx  1  c.    2H„  =  113^  W. '  fi  =  i:5, 

\  / y  —  az^  0012. 

Comp.— HFeAl,Si,0,„  which  may  be  written 
(A10),(A10H)Fe(SiO,),  or  H,0.2Fe0.5Al,0..4SiO, 
=  Silica  26"3,  alumina  55*9,  iron  protoxide  I5S, 
water  2*0  =  100  Penfield.  Magnesium  (also  man- 
\  ganese)  replaces  a  little  of  the  ferrous  iron;  ferric 
iron  part  of  the  aluminium. 

^  Nordmarkite  from  Nordmark,  Sweden,  contains  manga- 

nese in  large  amounts. 

Pjrr.,  •to.— B.B.  infusible,  excepting  the  mangauesian  variety,  which  fuses  easily  to  a 
black  magnetic  glass.  With  the  fluxes  gives  reactions  for  iron,  and  sometimes  for  man- 
ganese.   Imperfectly  decomposed  by  sulphuric  acid. 

Di£F. --Characterized  by  the  obtuse  prism  (unlike  andalusite.  which  Is  nearly  square):  by 
the  frequency  of  twinning  forms:  by  hardness  and  infusibility. 

Under  the  microscope,  sections  show  a  decided  color  (yellow  to  red  or  brown)  and  simnf: 
pleochroism  (yellow  and  red);  also  characterized  by  strong  refraction  (high  rt-lief).  nith.- 
bright  interference-colors,  parallel  extinction  and  biaxial  character  (generally  posit ivo  in 
the  direction  of  elonmition).  Easily  distinguished  from  rutile  (p.  845)  by  its  biaxial  char- 
acter and  lower  interference-colors. 

Obs.— Usualljr  found  in  crystalline  schists,  as  mica  schist,  argillaceoun  scMst.  and  ir"ei>s, 
as  a  result  of  regional  or  contact  metnmorphism;  often  associated  with  garnet.  sUlimanitc 
cyanite,  and  tourmaline.  Sometimes  encloses  symmetrically  arranged  carbonaceous  ir.- 
purities  like  andalusite  (p.  488).  Other  impurities  are  also  often  present,  e««iM»cialIy  si'.ica, 
sometimes  up  to  80  to  40  p.  c;  also  garnet,  mica,  and  perhaps  magnetite,  brookite. 

Occurs  with  cyanite  in  paragoniie  schist,  atMt.  Campione.  Switzerland;  in  iheZillenbal. 
Tyrol;  GoUlensteln  in  Moravia;  A^scbaflfenburp.  Bnvnrin;  in  large  twin  crystals  in  the  mica 
scnlstp  of  Briitiiny  and  Scotland.     In  the  province  of  Minas  Gkraes,  Brazil. 
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Alnindnnt  (broughout  the  mica  f^cbUts  of  New  Eiiglaud.  In  Maine,  nt  WiiuUiam.  lu 
JV'.  Hamp.,  bruwn  at  Fraocouia;  ut  Lisbon;  od  the  shores  of  Miuk  Pond,  1  oee  in  the  soil. 
Ill  .l#«iM.,  at  Cbestertield,  in  line  ciystals.  In  Conn,,  at  Bollon,  Vernon,  etc. ;  Southbury  with 
L'MriKts;  ut  Litchfield,  black  crystals.  In  N.  Carolina,  near  Franklin,  Macou  Co.;  also  in 
Madison  and  Cliiy  counties.  In  Oeorgia,  in  Fannin  Co.,  loose  in  the  soil  iu'  fine  crystals. 
Named  from  aravpdi,  a  eroM. 

Komerapiiie.  MgAUSiOt.  In  fibrous  to  columnar  aggregates,  resembling  silli- 
luuiiite.    H.  =  0'5.   6.  =  8*273  kornerupine;  8*841  prismatine.   Colorless  to  white,  or  brown. 

Kornerupine  occurs  at  Fiskernto  on  the  west  coast  of  Greenland.  J^riimatine  is  from 
Wiihlheim,  Saxony. 

Sapphirine.  MgtAlitSitOtv  In  indistinct  tabular  cmtals.  Usually  in  dissem- 
innted  grains,  or  aggregations  of  grains.  H.  =  7*5.  G.  s  8'4d-^'48.  Color  pale  blue  or 
greeE      From  Fiskernto,  southwestern  Greenland. 
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Section  B.     Chiefly  Hydrous  Species. 

The  Silicates  of  this  second  sectiou  inclade  the  trne  bydrons  compounds, 
that  is,  those  which  contain  water  of  crystallization,  like  the  zeolites;  also  the 
hydrous  amorphous  species,  as  the  clays,  etc.  There  are  also  included  certain 
species — ^as  the  Micas,  Talc,  Kaolinite — which,  while  they  yield  water  upon 
ignition,  are  without  doubt  to  be  taken  as  acid  or  basic  metasilicates,  orthosili- 
cates,  etc.  Their  relation,  however,  is  so  close  to  other  true  hydrous  species 
that  it  appears  more  natural  to  include  them  here  than  to  haye  placed  them 
in  the  preceding  chapter  with  6ther  acid  and  basic  salts.  Finally,  some 
species  are  referred  here  about  whose  chemical  constitution  and  the  part 
played  by  the  water  present  there  is  still  much  doubt.  The  divisions  recog- 
nized are  as  follows: 

I.  Zeolite  Division. 

1.  Introductory  Subdivision.    2*  Zeolites* 

II.  Mica  Division. 

1.  Mica  Group.    2.  Clintonite  Group*    3.  Chlorite  Group* 

III.  Serpentine  and  Talc  Division. 

Chiefly  Silicates  of  Magnesium. 

IV.  Kaolin  Division. 

Chiefly  Silicates  of  Aluminium;  for  the  most  part  belonging  to  the  group 
of  the  clays. 

Y.  Concluding  Division. 

Species  not  included  in  the  preceding  divisions;  chiefly  silicates  of  the 
heavy  metals,  iron,  manganese,  etc. 


I.  Zeolite  Division. 

1.  Introductory  Subdivisiono 

Of  the  species  here  inchuied.  several,  as  ApoDliyllite,  Okenite,  etc.,  while  not  strictly 
Zeolites,  are  closely  related  to  Ih^m  in  composition  and  method  of  occurrence.  Pectolite 
{{)  39o)  and  Prehnite  (p.  442)  are  also  sometimes  classed  here. 
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Inesite.  2(MD,Ca)SiOi  +  HtO.  Crystals  small,  prismatic;  also  fibrous,  nidiuted  iv..\ 
spberulitic.  U.  =6.  G.  =  3'U29.  Color  rose-  lo  tlesbred.  Occurs  ai  tbe  nmngnutH' 
mines  near  Dillenburg,  Qermaoy.  BhodotUiU  is  tbe  same  species  from  tbe  Hurstig  mint-. 
Pajsberg,  Sweden. 

Qanophyllite.  6Ht0.7MnO.Al«Oa.8SiOs.  In  short  prismatic  crystals;  also  fo]iati<:. 
micaceous.  Color  brown.  H.  =r  4-4*5.  G.  =  2*84.  From  the  Harstig  mine,  near  P;ijs 
berg,  Sweden. 

Okenite.  HsCaSisO*  4-  HtO.  Commonly  fibrous;  also  compact.  H.  =  4  .')  5. 
G.  =  2'28-2*36.  Color  white,  "with  a  sliade  of  yellow  or  blue.  Occurs  in  basalt  or  reln^a 
eruptive  rocks;  as  in  tbe  FttrOer;  Iceland;  Disko,  Greenland;  Poona,  India,  etc. 

Oyrolite.  HtCatSisOt  4- H«0.  In  white  concretions,  lamellar-radiate  io  atrucinre. 
From  tbe  Isle  of  Skye,  with  stilbite,  laumontite,  etc.;  in  India,  etc.  With  apophjUiie  of 
New  Atmadeu,  California;  also  N.  Scotia. 


APOPHTIXmi. 

Tetragonal.    Axis  t  =  1*2515. 
ay,  100  A  810  =  18'  W. 
cp,  001  A  111  =  W  82'. 

882. 


883. 


op.   100  A  111  =  52*    O'. 
pj/.  111  A  ill  =  76*    O'. 

884. 


Habit  varied ;  in  square  prisms  (a)  usually  short  and  terminated  by  c  or  by 
cp,  and  then  resembling  a  cube  or  cu bo-octahedron;  also  acute  pyrHmidal  (/ ) 
with  or  without  c  and  a;  less  often  thin  tabular  ||  c.  Faces  c  often  rough;  n 
bright  but  Yertically  striated ;  p  more  or  less  uneven.  Also  massive  and 
lamellar;  rarely  concentric  radiated. 

Cleavage:  c  highly  perfect;  m  less  so.  Fracture  uneven.  Brittle.  H.  =  4  5-r>. 
G.  =  2'3-2*4.  Luster  of  c  pearly;  of  other  faces  vitreous.  Color  white,  or 
grayish;  occasionally  with  a  greenish,  yellowish,  or  rose- red  tint,  flesh-re^:. 
Transparent;  rarely  nearly  opaque.  Birefringence  low;  usually  +,  also  -. 
Often  shows  anomalous  optical  characters  (Art.  411,  Fig.  665).  Indices: 
co^  =  1-5309  Li,     €r  =  1-5332. 

Comp.— H,KCa/(SiO.).  +  HBfi  or K,0.8Ca0.16SiO,.16H,0  =  Silica 53:, 
lime  25-0,  potash  5*2,  water  16*1  =  100.  A  small  amount  of  fluorine  replaces 
part  of  the  oxygen. 

The  above  formula  diflfers  but  little  from  HaCtiSisOe  +  HaO,  in  which  potasi^iuri 
replaces  part  of  tlte  basic  hydrogen.  The  form  often  accepted,  Ht(Ca,K)8i80«  -f-  H-O. 
corresponds  less  well  with  the  analyses. 

Pyr.,  etc.— In  the  closed  tube  exfoliates,  whitens,  and  yields  water,  which  reacts  ari-l. 
In  the  open  tube,  when  fused  with  salt  of  phosphorus,  gives  a  fluorine  reaction.    B.B. 
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>liates,  colors  the  flame  violet  (potasb),  aud  fuses  to  a  white  vesicular  enamel.  F.  =  1  -5» 
ouiposed  by  hydrochloric  acid,  with  separaiiou  of  slimy  silica. 

Oia^ — Characterized  by  its  tetragoual  form,  the  square  prism  acd  pyramid  the  comoioa 
iu:  by  the  perfect  basal  cleavage  aud  pearly  luster  on  this  surface. 
Dbs. — Occurs  commonly  as  a  secoudary  mineral  iu  basalt  iiud  related  rocks,  with 
iou8  zeolites,  also  datolite,  pectolite,  calcite  ;  also  occasionally  iu  cavities  in  granite, 
iss,  etc.  Qreenland,  Iceland,  the  FOrOer,  and  British  India  afford  tine  specimens  of 
pbyllite  in  amygdaloidal  basalt  or  diabase.  Occurs  also  at  Andi-easberg,  of  u  delicate 
k;  'iia4lauthal  in  the  Harz;  at  Orawitza,  Hungary,  with  wollastunite;  UtO,  Sweden;  on 
Seisser  Alp  in  Tyrol;  Guanajuato,  Mexico,  often  of  a  beautiful  pink  upon  ametiiyst^ 
In  the  U.  8..  large  crystals  occur  at  Bergen  Hill,  N.  J.;  in  Penn.,  at  the  Freucli  Creek 
les  Chester  Co.:  at  the  Clifl  mine,  Lake  Superior  region;  Table  Mt.  near  Golden,  Colo.; 
>ilifornia,  at  the  mercury  mines  of  New  Almaden  often  stained  brown  by  bitumen; 
>  from  Nova  Scotia  at  Cape  Blomidon,  and  other  points. 

Named  bv  HaQy  in  allusion  to  its  tendency  to  exfoliate  under  the  blowpipe,  from 
6  aud  ipvXXov,  a  leaf.  Its  whitish  pearly  aspect,  resembling  the  eye  of  a  tish  after 
liug,  gave  rise  to  the  earlier  name  IchthyophVialfniU,  from  i)fivs,flsh,  otpOaXfid^t  eye. 

2.  Zeolites. 

The  Zeolites  form  a  family  of  well-defined  bydrons  silicates^  closely  r€ 
ed  to  each  other  in  composition^  in  conditions  of  formation^  and  hence  iu 
^thod  of  occurrence.  They  are  often  with  ri^ht  spoken  of  as  analogous  to 
9  Feldspars^  like  which  they  are  all  silicates  of  aluminium  with  sodium  and 
Icium  chieilyy  also  rarely  barium  and  strontium;  magnesium^  iron,  etc.^  are 
sent  or  present  only  through  impurity  or  alteration.  Further^  the  com* 
sitioQ  in  a  number  oi  cases  corresponds  to  that  of  a  hydrated  feldspar:  while 
sion  and  slow  recrystallization  result  in  the  formation  from  some  of  them  of 
orthite  (CaAl,Si,0,)  or  a  calcium-albite  (CaAl,Si,0,.)  as  shown  by  Doelter. 
le  Zeolites  do  not,  however,  form  a  single  group  of  species  related  in  crystal- 
ation,  like  the  Feldspars,  but  include  a  number  of  independent  groups 
dely  diverse  in  form  and  distinct  in  composition  ;  chief  among  these  are 
e  monoclinic  Phillipsite  Group;  the  rhombohedral  Chabazite  Group, 
d  the  orthorhombic  (and  monoclinic)  Natrolite  Group.  A  transition  in 
mposition  between  certain  end  compounds  has  been  more  or  less  well 
tablished  in  certain  cases,  but,  unlike  the  Feldspars,  with  these  species  calcium 
d  sodium  seem  to  replace  one  another  and  an  increase  in  alkali  does  not 
cessarily  go  with  an  increase  in  silica. 

Like  otner  hydrous  silicates  they  are  characterized  by  inferior  hardness, 
liefly  from  3'5  to  5*5,  and  the  specific  gravity  is  also  lower  than  with  corre* 
ending  anhydrous  species,  chiefly  2*0  to  2  4.  Corresponding  to  these  charac- 
rs,  they  are  rather  readily  decomposed  by  acids,  many  of  them  with  gela- 
lization.  The  intumescence  B.B.,  which  gives  the  name  to  the  family  (from  * 
:2v,  lo  boil,  and  A/i^os",  stone)  is  characteristic  of  a  large  part  of  the  species. 

The  Zeolites  are  all  secondary  minerals,  occurring  most  commonly  in 
.vities  and  veins  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.  ;  less  fre* 
leutly  in  granite,  gneiss,  etc.  In  these  cases  the  lime  and  the  soda  in  part 
we  been  chiefly  yielded  by  the  feldspar;  the  soda  also  by  elseolite,  sodalite, 
c. ;  potash  by  leucite,  etc.  The  different  species  of  the  family  are  often  asso- 
ated  together;  also  with  pectolite  and  apophyllite  (sometimes  included  with 
le  zeolites),  datolite,  prehnite  and,  further,  calcite. 

PtiloUte.  RAl,8i,oO,4  -|-  6H,0.  Here  R  =  Ca  :  K, :  Na,  =  6  :  2  : 1  approx.  In  short 
pillary  oeedles.  aggregated  in  delicate  tufts.  Colorless,  white.  Occurs  upon  a  bluish 
luloedony  in  cavities  in  a  vesicular  augite-andesite  found  in  fragments  in  the  conglom- 
aie  beds  of  Green  and  Table  mountains,  Jefferson  Co.,  Colorado. 

Mordenite.  8RAl,Si„0,4  -f  20H,O,  whore  R  =  K,  :  Na,  :  Ca  =  1  :  1  :  1.  In  minute 
ysijils  resembling  heulandite  in   habit  \v  t\  '.\\\m\v^\  niso  in  small  hemispherical  or  reni« 
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form  concretiona  with  fibrous  structure.  H.  =  8-4.  G.  =  2*15.  Color  wbiie,  yellowish 
or  piukish.  Occurs  near  Mordeu.  King's  Co.,  Nova  Scotia,  in  trap;  also  in  western  Wyo- 
niiiig  near  Hoodoo  Mt..  on  the  ridge  forming  the  divide  between  Clark's  Fork  and  \ht 
East  Fork  (Lamar  B.)  of  the  Yellowstone  river. 


HfiULANDITB.    Stilbite  tame  auihart. 

Monoclinia    Axes:  &:h:d  =  04035  : 1 :  0-4293;  /3  =  88^  34J'. 

886.  mm'",  110  A  110  =  48*  66'.  «.  001  a  SOl  =  66"   V. 

c«,        001  A  aOl  =  68*'  40^.  «.  001  A  021  =  40*  88^'. 

Orystals  sometimes  flattened  |  b,  the  surface  of  pearly  luster 
(Pig.  886;  also  Fig.  22,  p.  11) ;  form  often  suggestive  of  the  ortho- 
rhomhic  system,  since  the  angles  cs  and  ct  differ  but  little.  Also 
in  globular  forms;  granular. 

Cleavage:  b  perfect.  Fracture  subconchoidal  to  uneven. 
Brittle.  H;  =  3-5-4.  G.  =2-18-2-22.  Luster  of  b  strong 
pearly;  of  other  faces  vitreous.  Oolor  various  shades  of  white, 
passing  into  red,  gray  and  brown.  Streak  white.  Transparent 
to  subtranslucent.  Optically  +•  Ax.  pi.  and  Bii^  J.  b.  Ax.  pi. 
and  Bxo  for  some  localities  nearly  I  c;  also  for  otners  nearly  J.  <;  in  white 
light  (Dx.).  Bxo  A  <5  =  +  57^°.  Axial  angle  variable,  from  0^  to  92**;  usuallr 
2Er  =  52°.     Birefringence  low.     /3  =  1-499;  ^^  —  a  =  0007. 

Comp— H,CaAl,(SiO,).  +  3H,0  or  5H,O.OaO.AI,0,.6SiO,  =  SiUca  59-3, 
alumina  16-8,  lime  9-2,  water  14-8  =  100. 

Strontium  Is  usually  present,  sometimes  up  to  8'6  p.  c. 

Pyr.— As  with  stilblte.  p.  457. 

Obs.--Heulandite  occurs  principally  in  basaltic  rocks,  associated  with  chabazlte,  stll- 
bite  and  other  zeolites;    also  in  gneiss,  and  occasionally  in  metalliferous  veins. 

The  finest  specimens  of  this  species  come  from  Berufiord,  and  elsewhere  in  Iceland : 
the  Far6er;  in  British  India,  near  Bombav;  also  in  railroad  cuttings  in  the  Bhor  and  ThvA 
Gh&ts.  Also  occurs  in  the  Kllpatrick  Hills,  near  Glasgow;  on  the  I.  of  Skye;  FaasatbAi. 
Tyrol;  Andreasberg,  Harz. 

In  the  United  Stales,  in  diabase  at  Bergen  Hill,  New  Jersey;  on  north  shore  of  Lake 
Superior;  with  haydenite.  at  Jones's  Falls,  near  Baltimore  (beavmontite).  At  Peter's  Poict, 
NovH  Scotia;  also  at  Cape  Blomidon,  and  other  points. 

Named  after  the  English  mineralogical  collector,  H.  Heuland,  whose  cabinet  was  the 
basis  of  the  classical  work  (1887)  of  Levy. 

Brewsterite.  H4(Sr.Ba.Ca)Al,Si,0,e  +  8H.O.  In  prismatic  crysUls.  H  =5.  G.  =9  4^. 
Color  white,  inclining  to  yellow  and  gray.  From  Slronlian  in  Argyleshire;  the  Giant's 
Causeway;  near  Freiburg  In  Breisgau,  etc. 

Epistilbite.  Probably  like  heulandite,  H4CaAlt8i«0,i  +  8HtO.  Crystals  monoclinio. 
uniformly  twins;  habit  prismatic.  In  radiated  spherical  aggregations;  also  granular. 
G.  =2*25.  Color  white.  Occurs  with  scolecite  at  the  Berufiord,  Iceland;  the  FftrOer: 
Poena,  India;  in  small  reddish  crystals,  at  Margaretville,  N.  Scotia,  etc.  BeiaHie  is  frum 
Santorin. 


Phillipsite  Group. 

Wellflte  (Ba,Ca,K,)Al,Si.O,„  +  3H,0 

PhiUipaite  (K„Ca)  Al,Si,0,.  +  4iH,0 

Harmotome  (K„Ba)  Al,Si,0,,  +  5H,0 

Stilbite  (Na„Ca)Al,Si.O,.  +  6H,0 

The  above  species,  while  crystallizing  in  the  monoclinio  system,  are  reniarV 
able  for  the  pseudo-symmetry  exhibited  by  their  twinned  forms.     Certain  •- 


clinic. 

■.t:i 

/? 

0-768 

:  1 : 1-245 

53°  27' 

0-7095 

1  :  1  2563 

55°  3?' 

0-7032 

:  1  :  1-2310 

55°  1  ' 

0-7623 

:  1  :  11940 

50^ :.  ■• 
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these  twins  are  pseudo-orthorhombic,  others  pseudo-tetragonal  and  more  com- 
plex twins  even  pseado-isometric. 

Freseuius  has  shown  that  the  species  of  this  group  may  be  regarded  as  formiDg  a  series, 
ID  \^-hich  the  raiio  of  RO  :  AUOs  is  constaDt  (=  1 :  1),  aud  that  of  tiiOa :  HaO  also  chiefly 
1:1.     The  end  couipouuds  assumed  hy  him  are : 

RAl.Si.O,.  -f  6H,0;        R4Al4Si40„  -f  6H,0. 

Here  R  =  Ca  chiefly,  in  phillipsite  and  stilbile,  Ba  iu  harmolome,  while  in  wellsitc  Ba, 
Ca,  aud  Ks  are  present;  also  in  smaller  amounts  Nbs,  K«.  The  flrsl  of  the  above  compounds 
may  be  regarded  as  a  hydrated  calcium  albite,  the  second  as  a  hydrated  anorihite.  Pratt 
and  Foote,  however,  show  that  the  auorthileend  compound  more  probably  has  the  formula 
K  AlaSiaOa  -\-  2HsO  (or  this  doubled).  The  formulas  given  beyond  are  those  corresponding 
to  reliable  analyses  of  certain  typical  occurrences. 

Wellaite.  RAl.Si.Oi, -f  3H,0  with  R  =  Ca  : 
present  iu  small  amount.  Percentage  com- 
(>osition:  SiO,  42-9.  A1,0,  24-3.  BaO  66,  CuO 
7  8,  KaO  6-1,  H,0  12-8  =  100.  Monoclinic 
{axes  p.  454);  in  complex  twins,  analogous  to 
thosj  of  phillipsite  and  harmotome  (Figs.  887, 
^>ii).  Brittle.  No  cleavage.  H.  =4-4-5. 
G.  =  2-2T8-2-866.  Luster  vitreous.  Colorless 
to  white.  Optically  +.  Bx  ±  b  (010).  Bi- 
refringence weak. 

Occurs  at  the  Buck  Creek  (CuUakauee) 
corundum  mine  in  Clay  Co.,  No.  Carolina;  in 
isolated  cry  stills  attached  to  feldspar,  also  to 
liorn blende  and  corundum;  intimately  asso- 
ciated with  chabazite. 


also 


PHILUFBITE. 

Monoclinic.    Axes  d:h  :  6  =  0*7095 


1  :  1-2563;  /?  =  55°  37'. 


889. 


mm"',  110  A  110  =  60*  42'. 
(tf,       100  A  101  =  34'  28'. 


em,  001  A  110  =  60'*  50'. 
ed',  Oil  A  Oil  =  92*'    4'. 


Crystals  uniformly  penetration-twins,  but  often 
simulating  orthorhombic  or  tetragonal  forms.  Twins 
sometimes,  but  rarely,  simple  (1)  with  tw.  pi.  c,  and 
then  cruciform  so  that  diagonal  parts  on  b  belong 
together,  hence  a  fourfold  striation,  ||  edge  h/m,  may  be 
often  observed  on  b.  (2)  Double  twins,  the  simple  twins 
just  noted  united  with  e  (Oil)  as  tw.  pi.,  and,  since  ee' 
varies  but  little  from  90"*,  the  result  is  a  nearly  -nquare 
prism,  terminated  by  what  appear  to  be  pyramidal  faces 
*-acfi  with  a  double  series  of  striations  away  from  the  medial  line.  See  Figs. 
4-^2-424,  p.  130;  also  Fig.  362,  p.  122.  Faces  b  often  finely  striated  as  jiist 
noted,  but  striations  sometimes  absent  and  in  general  not  so  distinct  as  with 
liarmotome;  also  m  striated  ||  edge  b/m.  Crystals  either  isolated,  or  grouped 
in  tufts  or  spheres,  radiated  within  and  bristled  with  angles  at  surface. 

Cleavage:  c,  b,  rather  distinct.  Fracture  uneven.  Brittle.  H.  =  4-4*5. 
G.  =  2'2.  Luster  vitreous.  Color  white,  sometimes  reddish.  Streak  uncolored. 
Translucent  to  opaque.  Optically  +.  Ax.  pi.  and  BXo  ±  6.  The  ax.  pi.  lies 
in  the  obtuse  angle  of  a  6,  and  is  usually  inclined  to  (i  about  15**  to  20**,  or  75° 
to  70°  to  the  normal  to  c.  The  position,  however,  is  variable.  2Ha.r  =  7I°-84°. 
Comp.  —  In  some  cases  the  formula  is  (K,,Ca)Al,Si^O„  +  4JH^  = 
Silica  48-8,  alumina  207,  lime  7*6,  potash  6-4,  water  165  =  100.  Here 
Ca  :  K,  =  2  :  1. 
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P3rr.,  etc. — B.B.  crumbles  aud  fuses  at  8  to  a  white  enamel.  Qelatinizes  witb  hydra 
chloric  ticid. 

Obs. — Id  traDslucent  crystals  in  basalt,  at  the  Giiint's  Causeway,  Irelaud  :  at  Capo  li 
Bove,  near  Rome;  Act  Casiello  and  elsewhere  iu  Sicily;  amoue  the  lavas  of  Mie.  Soiuii  a; 
at  Steinpel,  uear  Marburg;  Anoei-od,  near  Qiesseu;  iu  the  Kaiserstuhl,  with  faujuMtt;; 
Salesl,  Bohemia;  iu  the  ancient  lavas  of  the  Puy-de-Ddme. 

-      HARMOTOME. 

Monoclinic.     Axes  a:l:i  =  0-7031  :  1  :  1-2310;  /?  =  55°  10'. 

Crystals  uniformly  crnciform  penetration-twius  with  c  as  tw.  pi.;    eitlier 

(1)  simple  twins  (Fig.  890)  or  (2)  united  as  fourlings  with  tw.  pl.c.  These  double 

890.  twins  often  have  the  aspect  of  a  square  prism  with  diagou.J 

pyramid,  the  latter  with  characteristic  feather-like  striations 

from  the  medial  line.    Also  in  more  complex  groups  analogous 

to  those  of  phillipsite. 

Cleavage:  b  easy,  c  less  so.  Pi-acture  uneven  to  subcoi: 
choidal.  Brittle.  H.  =  45.  G.  =  2  4 4-2  50.  Luster  vitreous. 
Color  white;  passing  into  gray,  yellow,  red  or  brown.  Streak 
white.  Subtransparent  to  translucent.  Optically  +.  Ai. 
plf  and  Bxa  J_  b.  Ax.  pi.  in  obtuse  angle  a  d  and  inclined 
about  65°  to  (i  and  60°  to  i,  2H^r  =  87°  2'.  /?  =  1  '516. 
Comp.— In  part  H,(K„Ba)Al,Si,0,.  +  4H,0  or  (K„Ha)0. 
Al,0,.5SiO,.5H,0  =  Silica  471,  alumina  160,  baryta  206,  potash  21,  water 
14'l  =  100.' 

Pyr.,  etc. — B.B.  whitens,  then  crumbles  and  fuses  without  intumescence  at  3*5  to  i 
while  translucent  glass.  Some  varieties  phosphoresce  when  heated.  Decomposed  I  y 
h3'dr()chloric  acid  without  gelatinizing. 

Obs.— Occui-8  iu  basalt  and  similar  eruptive  rocks,  also  phonolite,  trachyte;  ii  : 
infrequently  on  gueiss,  and  in  some  metalliferous  veins.  At  Strontian,  in  Scotland;  iu  n 
inetnlliferous  vein  at  Audreasberg  in  the  Harz;  at  Rudelstadt,  Silesia;  Oberslein,  on  agait 
in  siliceous  geodes;  at  Kongsberg,  Norway. 

In  the  IL  8..  in  small  brown  crystals  with  stilbite  on  the  gneiss  of  New  York  islnia:; 
near  Ft.  Arthur,  L.  Superior. 

Named  from  dpfio^,  joint,  and  r^^iyeiv,  to  cut,  alluding  to  the  fact  that  the  pyrauiil 
(made  by  the  prismatic  faces  in  twinning  position)  divides  parallel  to  the  plane  that  passts 
through  the  terminal  edges. 

STILBITE.    Desmine. 

Monoclinic.     Axes:  A  :  i  :  (*  =  0*7623  :  1 :  11940;  /S  =  50°  50'. 

Crystals  uniformly  cruciform  penetration-twins  with  tw.  pi.  c, 
analogous  to  phillipsite  and  harmotome.  The  apparent  form  a 
rhombic  pyramid  whose  faces  are  in  fact  formed  by  the  planes  m 
and  ^w ;  the  vertical  faces  being  then  the  pinacoids  b  and  c  (cf.  Figs. 
560-562,  p.  227).  Usually  thin  tabular  |  b.  These  compound 
crystals  are  often  grouped  in  nearly  parallel  position,  forming  sheaf- 
like aggregates  with  the  side  face  (b),  showing  its  characteristic 
pearly  luster,  often  deeply  depressed.  Also  divergent  or  radiated; 
sometimes  globular  and  thin  lamellar-columnar. 

Cleavage:  6  perfect.  Fracture  uneven.  Brittle.  H.  =  3"5-4. 
G.  =r  2 -094-2 -205  ;  2*161  Haid.  Luster  vitreous;  of  b  pearly. 
Color  white  ;  occasionally  yellow,  brown  or  red,  to  brick-red. 
Streak  uncolored.  Transparent  to  translucent.  Optically  — .  Ax. 
pi.  II  b.  Bx^  inclined  5°  to  axis  a  in  obtuse  angle  a  i;  hence  Bx,,  a  <^  =  —  55' 
50'.     Ax.  angle  approx.  52°  to  53°  (blue  glass);  /?  =  1*498. 
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Comp.— For  most  varieties  H,(Na,,Ca)Al,Si.O„+  4H,0  or  (Na„Ca)O.Al,0,. 
iO,.6H,0  =  Silica  57*4,  alumina  16-3,  lime  77,  soda  1-4,  water  17'2  =  100. 
re  Ca  :  Na,  =  6:1. 

Some  kinds  show  a  lower  percentage  of  silica,  and  these  have  been  called  hypostilbiU. 

Pyr.y  etc.— -B.B.  exfoliates,  swells  up,  curves  into  fan-like  or  vermicular  forms,  and 

es  to  a  white  enamel.     F.  =  a-2'5.    Decomposed  by  hydrochloric  acid,  without  gela- 

zing. 

Diff. — Characterized  by  the  frequency  of  radiating  or  sheaf-like  forms;  by  the  pearly 

ler  ou  the  ^linopinacoid.     Does  not  gelatinize  with  acids. 

Obs. — Stilbite  occurs  mostly  in  cavities  in  aniygdaloidal  basalt,  and  siuiilar  rocks.    It  is 

>  found  in  some  metalliferous  veins,  and  in  granite  and  gneiss. 

Abundant  on  the  FftrQer;  in  Iceland;  on  the  Isle  of  Skye,  iu  amygdaloid;  also  in  Dumbar- 

shire,  Scotland,  in  red  crystals  ;  the  Giant's  Causeway,  Ireland  ;  at  Andreasberg  in  the 

rz,  and  Kougsberg  and  Arendal  in  Norway,  with  iron  ore  ;  on  the  Seisser  Alp  in  Tyrol, 

1  at  the  Putlerloch  (puflej-ite);  on  the  granite  of  Striegau,  Silesia.    A  common  mineral 

;he  Deccan  trap  area  of  British  India. 

Id  North  America,  sparingly  in  small  crystals  at  Chester  and  at  the  Somerville  syenite 

irries,  Mass.;  at  Pliillipstown.  N.  Y. ;  and  at  Bergen  Hill.  New  Jersey;  also  at  the 

i^hipicoten  Islands,  Lake  Superior.    At  Partridge  Island,  Nova  Scolia  ;  also  at  Isle 

ute,  Digby  Neck,  Cape  Blomidon,  etc. 

The  name  stilbite  is  from  (TriXfitf,  luster \  and  detmine  from  deaurj,  a  bundle 

Qismondite.     Perhaps  CaAlaSi40i,  -|-4HaO.    In  pyramidal  crystals,  pseudoteli-a^onal. 

=  4*5.     G.  =  2265.    Colorless  or  white,  bluish  white,  grayish,  reddish.     Occurs  m  the 

citophyre  of  Mt.  Albano.  near  Rome,  at  Capodi  Bove,  and  elsewhere,  etc.:  on  the  Gorner 

cler,  near  Zermatt;  Schlauroth  near  GOrlitz  in  Silesia;  Salesl,  Bohemia,  etc. 

LAUMON  TITE.    Leonhardite.     Caporcianite. 

Monoclinic.     Axes  a  :  J  :  (J  -  1-1451  :  1  :  05906;  fi  =  68°  46'. 

Twins  :  tw.  pi.  a.  Common  form  the  prism  m  {vim'"  =  93°  44')  with 
lique  termination  e,  301  (ce  =  56°  55').  Also  columnar,  radiating  and 
rergent. 

Cleavage  :  h  and  m  very  perfect ;  a  imperfect.  Fracture  uneven.  Not 
ry  brittle.  II.  =  3*5-4.  G.  =  2*25-2 -36.  Luster  vitreous,  inclining  to 
arly  upon  the  faces  of  cleavage.  Color  white,  passing  into  yellow  or  gray, 
netimes  red.  Streak  uncolored.  Transparent  to  translucent ;  becoming 
uque  and  usually  pulverulent  on  exposure.  Optically  — .  Ax.  pi.  |  h, 
:.  /\  «J  =  -[-  65°  to  70°.   Dispersion  large,  p  <v;  inclined,  slight.   2E,  =  52^" 


o 


Comp.,  Tar.~H,CaAl,Si,0„+  2H,0  =  4H,O.CaO.Al,0,.4SiO,=  Silica  511, 
uuina  21*7,  lime  U-9,  water  15-3  =  100. 

Leon/iardile  is  a  laumoutite  which  has  lost  part  of  its  water  (to  one  molecule),  and  the 
tie  is  probably  true  of  eapordanite.  Schneideriie  is  laumontite  from  the  serpentine  of 
nte  Catini,  Italy,  which  has  undergone  alteration  through  the  action  of  magnesiau 
iitioiis. 

P3rr.,  etc.— B.B.  swells  up  and  fuses  at  2-5-8  to  a  white  enamel.  Gelatinizes  with 
lirochloric  acid. 

Obs.— Occurs  in  the  cavities  of  basalt  and  similar  eruptive  rocks;  also  in  porphyry  and 
tnite,  and  occasionally  in  veins  traversing  clay  slate  with  calcite. 

Its  principal  localities  are  the  FarOer;  Disko  iu  Greenland;  in  Bohemia,  at  Eule  in  clay 
te;  St.  Gothard  in  Switzerland;  the  Fassathal;  the  Eilpatrick  hills,  near  Glasgow:  the 
brides,  and  the  north  of  Ireland.  In  India,  in  the  Deccan  trap  area,  at  Poona,  etc. 
Peter's  Point,  Nova  Scotia,  affords  fine  specimens  of  this  species.  Found  at  Phippsburg, 
Jtie.  Abundant  in  many  places  in  the  copper  veins  of  Lake  Superior  in  trap,  and  on 
[loyale;  on  north  shore  of  Lake  Superior,  between  Pigeon  Bny  and  Fond  du  Lac.  Found 
0  at  Bergen  Hill,  N.  J. ;  at  the  Tilly  Foster  iron  mine,  Brewster,  N.  Y, 
Laabanite.  Ca«A]«Si»Oi»  +  6H,0.  Resembles  stilbite.  H.  =  4*5-5.  G.  =  2*23. 
lor  snow-white.    Occurs  upon  phillipsite  in  basalt  at  Lauban,  Silesia. 
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Chabazite  Group.    Bhombohedral. 

rr'  i 

Chabazite     (Ca,Na,)Al,Si,0„  +  6H,0,  pt.       85°  14'  1-0860 

Gmelinite    (Na,Ca)Al,Si,0.,  +  6H,0  68^    8'  0-7345  or  f5  =  MOi: 

Levynite      CaAl.Si.O.,  +  5H,0  73°  56'  08357        ^d  =  Viu: 

The  Chabazite  Gronp  inoludes  these  three  rhombohedral  species.  The 
fundamental  rhombohedrons  have  different  angles,  but^  as  shown  in  the  axbi 
ratios  above,  they  are  closely  related,  since,  taking  the  rhombohedron  oi 
Chabasite  as  the  basis,  that  of  Gmelinite  has  the  symbol  |(20S3)  and  oi 
Levynite  f (3034). 

Tlie  variation  in  compositioa  often  observed  in  tbe  first  two  species  has  led  to  the  rathe: 
plausible  hypothesis  that  they  are  to  be  viewed  us  isomorphous  mixtures  of  the  feldspar-liii? 
compounds 

(Ca,Na,)Al,Si>0.  +  4H,0.  (Ca,Ka,)AI«Si«Oi.  +  8H.0. 


CHABAZTTB. 

Ehombohedral.    Axis  6  =  1-0860;  0001  A  lOll  =  5V  25}'. 
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Phacolite. 


Twins:  (1)  tw.  axis  6,  penetration-twins  common.  (2)  Tw.  pi.  r,  contact- 
twins,  rare.  Form  commonly  the  simple  rhombohedron  varying  little  in  aniile 
from  a  cube  (rr'  =  85°  14');  also  r  and  e  (0ll2),  (ee'  =  54°  47').  Also  ir: 
complex  twins  (Pig.  348,  d,  118).     Also  amorphous. 

Cleavage:  r  rather  distinct.  Fracture  uneven.  Brittle.  H.  =  4-';. 
O.  =  2 •08-2*16.  Luster  vitreous.  Color  white,  flesh-red;  streak  uncolore^L 
Transparent  to  translucent.  Optically  — ;  also  +  (Andreasberg,  also  hajdei;- 
ite).  Birefringence  low.  The  interference-figure  usually  confuwd ;  somelinicd 
distinctly  biaxial;  basal  sections  then  divided  into  sharply  defined  sectors  wit: 
different  optical  orientation.  These  anomalous  optical  characters  probablv 
secondary  and  chiefly  conditioned  by  the  variation  in  the  amount  of  water 
present.    Mean  refractive  index  1*5. 

Var.— 1.  Ordinary.  The  most  common  form  is  tbe  fundamental  rhombohedron.  is 
ivhich  the  angle  is  so  near  90*  that  the  crystals  were  at  first  misUken  for  cubes.  Afiodiali:*, 
from  Nova  Scotia  {Acadia  of  the  French  of  last  century),  is  a  reddish  chabazite:  sometin.H 
nearly  colorless.  UaydeniU  is  a  yellowish  variety  in  small  crystals  from  Jones*s  Falls,  nc  .1 
Baltimore.  Md.  2.  Phaeolite  is  a  colorless  variety  occurring  in  twins  of  hexagonal  fnr- 
(Fig.  894).  and  lenticular  in  shape  (whence  the  name,  from  ipaKoi,  a  bean);  the  origit ". 
WHS  from  Leipa  in  Boliemia.  Here  belongs  also  /lerseheliU  (seebachite)  from  Richmoii : 
Vicloria;  tbe  composite  twins  of  great  variety  and  beauty.  Probably  also  the  origiui 
hcrscbelite  from  Sicily.  It  occurs  in  flat,  almost  tabular,  hexagonal  prisma  with  rouzMi«< 
terminations  divided  into  six  sectors. 
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Conip.->  Somewhat  nncertain,  since  a  rather  wide  variation  is  often  noted 
iTen  among  specimens  from  the  same  locality.  The  ratio  of  (Ga,Ka,,K,)  :  Al 
is  nearly  constant  (=1:1),  but  of  Al,  :  Si  varies  from  1  :  3  to  1  :  5;  the  water 
ilso  increases  with  the  increase  in  silica.  The  composition  usually  corre- 
sponds to  (Ca,Na,)Al,Si^O,,  -}-  6H,0,  which,  if  calcium  alone  is  present,  requires  : 
Silica  47-4,  alumina  20-2,  lime  111,  water  21-3  =  100.  If  Ca  :  Na,  =  1  :  1,  the 
percentage  composition  is:  Silica  47*2,  alumina  200,  lime  5*5,  soda  6*1,  water 
h'2  =  100. 

Potiissium  is  present  in  small  amount,  also,  sometimes,  barium  and  strontium,  tilicug 
.'X plains  the  supposed  facts  most  satisfactorily  by  the  hypothesis  that  the  members  of  the 
i^roup  are  isomorphous  mixtures  analogous  to  the  feldspura,  as  noted  on  p.  458. 

Pyr.,  etc.— B.B.  intumesces  and  fuses  to  a  blebby  glass,  nearly  opaque.  Decomposed 
jy  hycirochloric  acid,  with  separation  of  slimy  silica. 

I>iff.— Characterized  by  rliombohedral  form  (resembling  a  cube).  It  is  harder  than 
raUrite  and  does  not  effervesce  with  acid;  unlike  calcite  andBuorite  in  cleavage;  fuses  B.B. 
^'tth  intumescence  unlike  analcite. 

Obfl.— Occurs  mof^tly  in  basaltic  rocks,  and  occasionally  in  gneiss,  syenite,  mica  schist^ 
iornbleiidic  schist.  Occurs  nt  the  F&rOer,  Greenland,  nnd  Iceland,  associated  with  chlorite 
md  btilbite;  at  Aussig  in  Bohemia;  at  Oberstein,  with  haruiotome;  at  Anuerod,  near 
Jiiessen;  at  the  Giant's  Causeway,  Antrim,  Renfrewshire;  Isle  of  Skve.  etc. 

In  the  U.  S.,  in  syenite  at  Somerville,  Mass.;  at  Bergen  Hill,  N.  J.,  in  small  cr}'stals; 
It  Jones's  Falls  near  Baltimore  {haydenite).  In  Nova  Scotia,  wine- yellow  or  flesh-red  (the 
:isi  the  ae^idialite),  associated  with  heulandite,  analcite  and  calcite,  at  Five  Islands,  Swan's 
.'reck,  Digby  Neck,  etc. 

The  name  ChabaziU  is  from  ;^a^aC2o?,  an  ancient  name  of  a  stone. 
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GBIlSUNrrE. 

Rhombohedral.     Axis  t  =  0  7345 

Crystals  usnally  hexagoiial 
11  aspect;  sometimes  p  (0111) 
tnialler  than  r  (lOll),  and  habit 
•iioinbohedral  ;  rr'  =  68°  8', 
•p  :=  37°  44'. 

Cleavage:  m  easy  ;  c  some- 
inies  distinct.  Fracture  uneven. 
Brittle.  H.  =  4-5.  G.  =  2  04- 
M  r.  Luster  vitreous.  Colorless, 
rellowish  white,  greenish  white, 
reddish  white,  flesh-red.  Transparent  to  translucent.  Optically  positive, 
Cyprus,  also  negative,  Andreasberg,  the  Vicentine,  and  Glenarm,  N.  Scotia. 
Birofriiigence  very  low.  Interference- figure  often  disturbed,  and  basal  sections 
divided  optically  into  section  analogous  to  chabazite. 

Comp.— In  part  {Na„Ca)Al,Si,0„  +  6H,0.  If  sodium  alone  is  present 
this  requires:  Silica  46*9,  alumina  19*9,  soda  12'1,  water  21-1  =  100.  See  also 
p.  458. 

Pyr.,  etc. —B.B.  fuses  easily  (F.  =  2-5-3)  to  a  white  enamel.  Decomposed  by  hydro- 
chloric acid  with  sepamtion  of  silica. 

ObB.— Occurs  in  flesh-red  crystals  in  amygdaloidal  rocks  at  Montecchio  Magglore:  at 
Andreasberg;  in  Transylvania;  Antrim,  Ireland:  Talisker  in  Skye,  in  large  colorless 
crv«tal8. 

'  In  tlie  United  States  in  fine  white  crystals  at  Bergen  Hill,  N.  J.     At  Cape  Blomidou, 
Nova  Scotia  (l&dererits);  also  at  Two  Islands  and  Five  Islands. 

Named  Omelinite  after  Prof.  Ch.  Gmelin  of  Tllbingen  (1792-1860). 

Leyynite.  CaAl«S!iOio-}-5HaO.  In  rhombohedral  crystals.  H.  =  4-4'5.  G.  =  2'0»- 
216.     Colorless,  white,  grayish,  reddish,  yellowish.    Found  at  Qlenarm  and  at  Island 
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Jfagee.  Antrim:  at  Dalsnypen,  FftrOer;  in  Iceland;  in  the  basalt  of  Table  MoonUinDeii 
Qolden,  Colorado. 

Ofibretite.     A  potash  zeolite,  related  to  the  species  of  the  chabazite  group.     In  bas^Ll 
of  Mont  Simiouse.  France. 
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ANALOITXl.     Analcime. 

Isometric.   Usually  in  trapezohedrons;  also  cubes  with  faces  n  (211);  again 

the  cubic  faces  replaced  by  a 
vicinal  trisoctahedron.  Son  e- 
times  in  composite  grov.y 
about  a  single  crystal  as  !  • 
cleus  (Fig.  351,  p."  11 9).  A  ^ 
massive  granular;  com}:. : 
with  concentric  structure. 

Cleavage:  cubic,  in  tra«vc. 

Fracture  subconchoidal.    Br:- 

tie.     H.  =  5-5-5.     G.  =  2  ^,'- 

2-29;  2-278  Thomson.     Lu^ttr 

vitreous.     Colorless,    white;    occasionally    grayish,   greenish,   yellowisli.  ^ 

.^reddish  white.     Transparent  to  nearly  opaque.     Often  shows  weak  don   i- 

refraction,  which  is  apparently  connected  with  loss  of  water  and  consequei.; 

change  in  molecular  structure  (Art.  411).     w^  =  1'4874. 

Comp,— NaAlSi,0,+  H,0  =  Na,O.Al,0,.4SiO,.2H,0  =  Silica  54-5,  aluminj 
23-2,  soda  141,  water  8-2  =  100. 

Pyr.,  etc. — Yields  water  in  the  closed  tube.  B.B.  fuses  at  2*5  to  a  colorless  gla>5. 
Qelatiuizes  with  hydrochloric  acid. 

Diff.— Characterized  by  trapezohedral  form,  but  is  softer  than  garnet,  and  yields  vattrf 
B.B..  unlike  leuclte  (which  is  also  infusible);  fuses  without  intumescence  to  a  clear  gas^ 
unlike  chabazite.  J 

Recognized  in  thin  sections  by  its  verv  low  relief  and  isotropic  character;  often  sbovn 
optical  anomalies.  From  leucite  and  sodalite  surely  distinguished  only  by  chemical  tests 
i.e.,  absence  of  chlorine  in  the  nitric-acid  test  (see  sodalite,  p.  444),  absence  of  much  pota>i{ 
and  abundance  of  soda  in  the  solution,  and  evolution  of  much  water  from  the  powder  in  a 
closed  glass  tube  below  a  red  heat. 

Obs. — Occurs  frequently  with  other  zeolites,  also  pvehnite,  calcite,  etc.,  in  cavities  and 
seams  in  basic  igneous  rocks,  as  basalt,  diabase,  etc. ;  also  in  granite,  gneiss,  etc  Receni-.^ 
shown  to  be  also  a  rather  widespread  component  of  the  groundmass  of  various  b&si^ 
igneous  rocks,  at  times  being  the  only  alkali-alumina  silicate  present,  as  in  the  so-c&ilt-j 
analcite-basalts.  Has  been  held  in  si)ch  cases  to  be  a  primary  mineral  produced  by  iLj 
crystallization  of  a  magma  containing  considerable  soda  and  water  vapor  held  uodci 
pressure. 

The  Cyclopean  Islands,  near  Catania,  Sicilv,  afford  pellucid  crystals;  also  the  Fassatbi! 
in  Tyrol:  other  localities  are,  in  Scotland,  in  the  Kilpatrick  Hills;  Ck>.  Antrim,  etc.  J 
Ireland;  the  FilrOer;  Iceland;  near  Aussig,  Bohemia;  at  Arendal,  Norway,  in  beds  of  ir-Q 
ore:  at  Andreasberg,  in  the  Hnrz,  in  silver  mines. 

In  the  U.  S.,  occurs  at  Bergen  Hill.  New  Jersey;  in  gneiss  near  Yonkers.  Westchestei 
Co.,  N.  Y.:  abundant  in  tine  crystals,  with  prehnite,  datolite,  and  calcite,  in  the  La^t 
Superior  region;  at  Table  Mt.  near  Qolden,  Colorado,  with  other  zeolites.  Nova  Scotii 
affords  fine  specimens. 

The  name  Analcime  is  from  ctvaXKi^,  weak,  and  alludes  to  its  weak  electric  p<>^^ 
when  heated  or  rubbed.     'I'he  correct  derivative  is  analcite,  as  here  adopted  for  the  spetici 
Paijaslte.     Perhaps  H«Na,CaAl4Si, oO,.  +  18H,0. 
In  isometric  octahedrons.    H.  =  5.    6.  =  1  '923.   Colorless,  white.    Occurs  with  aud'i 
in  the  limburgite  of  Sasbach  in  the  Kaiserstubl,  Baden,  etc. 

Bdingtonite.  Perhaps  BaAlaSi.O,.  +  SH^O.  CrysUls  pyramidal  in  habit  (tetragon: 
sphenoidal);  also  massive.  H.  =  4-4  5.  O.  =  2*694.  White,  grayish  white,  psi: 
Occurs  in  the  Kilpatrick  Hills,  near  Qlasgow,  Scotland,  with  harmotome. 
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Natrolite  Group. 


Orthorhombic  and  Monoclinic. 


Natrolite 


Seolecite 


Na,Al.Si,0..  +  2H,0 


0-9785  :  1  :  0*3536 

0-9764  :  1  :  0-3434  89^  18' 


Mesolite 


Ca(A10H).(SiO.),  +  2H.O 

j  Na,ALSi.O,.  +  2H.0 
l2[CaAl.SiAo+3d.O] 
The  three  species  of  the  Natrolitb  Group  agree  closely  In  angle,  though  vnrviug  in 
crystalUue  system  ;  NatfoUle  is  orthorhombic  usually,  also  rarely  monoclinic;  Seolecite  is 
mouoclinic,  perhaps  also  in  part  triclinic;  Mesolite  seems  to  be  both  monoclinic  and  tri- 
cliuic.     Fibrous,  radiating  or  divergent  grou  sare  common  to  all  these  species. 

The  Natrolite  Group  includes  the  sodium  silicate,  Natrolite,  with  ihe  empirical  formula 
Na,A1aSi30ie.2HflO;   the   calcium  silicate,    Seolecite,   CaAlsSiaOio.SHflO;  also  Mesolite 

intermediate  between  these  and  corresponding  to  |  *^CaAl,Si«0,o*8H,6  * 
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NATROUTXS.    Nadelzeolith  Qtrm, 
Orthorhombic.  *    Axes  a  ;  i  :  (*  =  0*9785 
WTO^MIO  A  ll0  =  88'451'. 
mo\     110  A  111  =  63"  11'. 
00'.      Ill  A  ill  =  87-  88'. 
oo"\     111  A  ill  =  86'  47i'. 

Crystals  prismatic,  usually  very  slender  to 
acicular;  frequently  divergent,  or  in  stellate 
group.  Also  fibrous,  radiating,  massive,  gran- 
ular,  or  compact. 

Cleavage:  m  perfect;  J  imperfect,  perhaps 
only  a  plane  of  parting.  Fracture  uneven. 
11.  =  5-5-5.  G.  =  2  20-2-25.  Luster  vit- 
reous,  sometimes  inclining  to  pearlv,  especially  in  fibrous  varieties.  Color 
white,  or  colorless;  to  grayish,  yellowish,  reddish  to  red.  Transparent  to 
translucent.  Optically  +.  Ax.  pi.  \l,  Bi  J.  c.  2Er  =  93°  28'.  /?,  =  1-4797; 
y  —  a  =  0-012. 

Var. — Ordinary.  Common! v  either  (a)  in  groups  of  slender  colorless  prismatic  crys- 
tals, vary  in  (;  but  little  in  angle  from  square  prisms,  often  acicular,  or  (b)  in  fibrous  diver- 
gent or  radiated  masses,  vitreous  in  luster,  or  butsllghtlv  pearly  (these  radiated  forms  often 
resemble  those  of  thomsonite  and  pectolite);  often  also  (c)  solid  amygdules,  usually  radiated 
fibrous,  and  somewhat  silky  in  luster  within;  {d)  rarely  compact  massive.  GcUactite  is 
ordinarily  natrolite,  in  colorless  needles  from  soutnem  Scotland. 

Bergmanniie,  tpreuMtein,  brevieite,  b.t&  names  which  have  been  given  to  the  natrolite 
from  the  augite-syenite  of  southern  Norwav,  on  the  Langesund  fiord,  in  the  "Brevik" 
region,  where  it  occurs  fibrous,  massive,  and  in  long  prismatic  crystallizations,  and  from 
while  to  red  in  color.  Derived  in  part  from  elaeoHte,  in  part  from  sodalite.  Iron-naircliU 
is  a  dark  green  opaque  variety,  either  crystalline  or  amorphous,  from  the  Brevik  region;  the 
iron  is  due  to  inclusions. 

Comp,— Na,Al,Si.O,.  +  2H,0  or  Na,O.Al,0,.3SiO, +  2H,0  =  Silica  47  4, 
alumina  26-8,  Na,0  16-3,  water  9*5  =  100. 

Pyr.,  etc.— In  the  closed  tube  whitens  and  becomes  opaque.  B.B.  fuses  quieily  at  2  to 
a  colorless  glass.  Fusible  in  the  flame  of  an  ordinary  stearine  or  wax  candle.  Gelatinizes 
with  acids. 

Dift— Distinguished  from  aragouite  and  pectolite  by  its  easy  fusibility  and  gelatinization 
with  acid. 

Obs.— Occurs  in  cavities   in  amygdaloidal    basnlt,  and  other  related  igneous  rooks ; 

*In  rare  cases  the  crystals  seem  to  be  monoclinic. 
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sometimes  in  seams  Id  graDite.  gaeisa.  and  syenite.  Found  at  Aussig  and  Teplitz  is  Bobf^- 
miu;  in  fiue  crystuls  in  Auvergue;  FassatUal,  Tyrol;  Kapuik,  Hungary.  In  red  aiii\yiiiii'> 
(croealite)  in  amygdaloid  of  Ireland,  Scotland  and  Tyrol;  ihe  amygdaloid  ->^  "^'t^hopton 
{galacUU);  at  Glen  Farg  (fargiU)  in  Fifesbire.  Common  in  the  augite-syeuiie  of  tlie  Langt- 
sund  fiord,  nearBrevilt.  southern  Norway. 

In  Nortii  America,  in  the  trap  of  Nova  Scotia;  at  Bergen  Hill,  N.  J. ;  at  Copper  Fui: . 
Lake  Superior. 

Named  Menotype  by  HaQy,  from  M^aos,  middle,  and  rvnoi,  type,  because  the  form  it 
the  crystal— in  his  view  a  square  prism — was  intermediate  between  the  forms  of  stilbii«  ai  •: 
anidciie.  NatroliU,  of  Klaproih,  is  from  natron^  soda;  it  alludes  to  the  presence  of  sou}>. 
whence  also  the  name  soda-meioiype,  in  contrast  with  scolecite,  or  lirM'tnetoiype, 

800LB0ITB. 

Monoclinic.    Axes  a.  J :  (J  =  09764  :  1  :  0-3434;  fi  =  89''  18/ 

Crystals  slender  prismatic  {mm"'  =  88**  37^'),  twins  showing  a  feather- 
like striation  on  by  diverging  upward;  also  as  penetration-twins.  Crystals  ii. 
divergent  groups.     Also  massive,  fibrous  and  radiated,  and  in  nodules. 

Cleavage:  m  nearly  perfect.  H.  =  5-5-5.  G.  =  2-16->f-4.*  Luster  vitreous, 
or  silk v  when  fibrous.  Transparent  to  subtranslucent.  Optically  — .  Ax.  pi. 
and  Bxo  J.  Z>.     Bx.  A  ^  =  15°-16°.     2H^,  =  32"  20'.     fi  =  1-4952. 

Comp.— CaAl,Si,0,„  +  3H,0  or  CaO.Al,0,.3SiO,.3H,0  =  Silica  459,  alu- 
mina 26-0,  lime  14-3,  water  13-8  =  100. 

P3nr.,  etc.— B.B.  sometimes  curls  up  like  a  worm  (whence  the  name  from  (tkojXi;^,  .i 
vorm.  which  gives  eeolecite,  and  not  scolesiie  or  »eoUzite)\  other  varieties  intumesce  Iw 
slightly,  and  all  fuse  at  2-22  to  a  white  blebby  enamel.  Qelatinizes  with  acids  like 
natrolite. 

Obs.^Occurs  in  the  Berufiord.  Iceland;  in  amygdaloid  at  Staffa;  iu  Skje,  nt  TuU^ke^ 
near  Eisenach.  Saxony;  in  Auvergne;  common  in  nue  crystallizations  in  the  DeccHn  ir  r. 
area,  in  British  India.  In  the  United  States,  in  Colorado  nt  Table  Mountain  near  Golde' 
iu  cavities  in  basalt.     In  Canada,  at  Black  Luke,  Megantic  Co.,  Quebec. 

Mesolite.  Intermediate  between  natrolite  and  scolecite  (see  p.  482).  In  aclculnr 
and  capillary  crystals;  delicate  divergent  tufts,  etc.  G.  =  2*29.  White  or  colorless.  1l 
amygdnloidal  bnsalt  at  numerous  points. 

TH0M80NITB. 

Orthorhombic.     Axes  d:h:d  =  0-9932  :  1  :  10066. 

Distinct  crystals  rare;  in  prisms,  7nm'"  =  89°  37'.  Commonly  columnar, 
structure  radiated;  in  radiated  spherical  concretions;  also  closely  compact. 

Cleavage:  b  perfect;  a  less  so;  c  in  traces.  Fracture  uneven  to  subcon- 
choidal.  Brittle.  H.  =  5-5*5.  G.  =  2-3-2*4.  Luster  vitreous,  more  or  le>^ 
pearly.  Snow-white;  reddish,  green;  impure  varieties  brown.  Streak  uncol- 
ored.  Transparent  to  translucent.  Pyroelectric.  Optically  -f .  Ax.  pi.  J  ^. 
Bx  J.  b.    Dispersion  p>  v  strong.     2Er  =  82^.     /?r  =  1*503. 

Var.— 1.  Ordinary,  (a)  In  regular  crystals,  usually  more  or  less  rectangular  in  out 
line,  prismatic  in  habit,  (b)  Prisms  slender,  often  vesicular  to  radiated,  {c)  Radiat^l 
tibrouB.  (d)  Spherical  concretions,  consisting  of  radiated  fibers  ur  slender  crystals.  Al-. 
massive,  granular  to  impalpable,  and  white  to  reddish  brown,  less  often  green  as  iu  lititoh- 
ite.  The  spherical  massive  forms  also  radiated  with  several  centers  and  of  varying  col(»r-. 
hence  of  much  beauty  when  polished.  Ozarkite  is  a  white  massive  thomsonite  fron. 
Arkansa<). 

Coiiip,-(Na„Ca)Al.Si,0.  +  |H,0  or  (Na„Ca)O.Al,0..2SiO,.|H,0.  The 
ratio  of  Na,  :  Ca  varies  from  3  :  1  to  1  :  1.  If  Ca  :  Na,  =  3:1  the  percentaizt- 
composition  requires:  SiO,  37-0,  Al.O,  31-4,  CaO  129,  Na.O  4-8,  H,0  13-9  = 
100. 

Pyr..  etc.— 6.B.  fuses  with  intumescence  at  3  to  a  white  enamel.  Gelatinizes  wifa 
hydrochloric  acid. 

Biff  —Resembles  some  natrolite.  but  fuses  to  an  opaque  not  to  a  clear  glass. 
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Obs.— Found  in  cavities  in  lava  in  amygdaloidal  igneous  rocks,  sometimes  "with 
elaeolite  as  a  result  of  its  alteration.  Occui-s  near  Eilpatrick,  Scotland;  in  the  lavas  of 
Somma  (eomptoniU);  in  basalt  at  the  Pflasterkaute  in  Saxe  Weimar;  in  Bohemia,  in  phono- 
lite;  the  Cyclopean  islands.  Sicily:  near  Brevik,  Norway;  the  F&rOer;  Iceland  (carpho- 
stilbite,  straw-yellow):  at  Mt.  Mouzoni,  Fassathal. 

Occurs  at  Peter's  Point,  Nova  Scotia.  In  the  U.  S.  at  Magnet  Cove  (ozarkite)  in  the 
Ozark  Mts.,  Arkansas;  in  the  amygdaloid  of  Qrund  Marais,  L.  Superior,  which  yields  the 
A\'ater-worn  pebbles  resembling  agute,  in  part  green  (lintonitey,  in  the  basalt  of  Table  Mt. 
near  Golden,  Colo. 

Hydronephelite.  HNa,Al«8i.0i,  -f  3H,0.  Massive,  radiated.  H.  =  4-6-6.  G  =  2263. 
Color  white;  also  dark  gray.  From  Litchfield,  Maine.  BaniU  from  the  Langesund  fiords 
Norway,  is  similar. 


II.  Mica  Division. 

The  species  embraced  under  this  Division  fall  into  three  groups :  1,  the 
Mica  Group,  including  the  Micas  proper;  2,  the  Clintonite  Group,  or  the 
Brittle  Micas;  3,  the  Chlorite  Group.  Supplementary  to  these  are  the 
Vermiculites,  hydrated  compounds  chiefly  results  of  the  alteration  of  some  one 
of  the  micas. 

All  of  the  above  species  have  the  characteristic  micaceous  structure,  that 
is,  they  have  highly  perfect  basal  cleavage  and  yield  easily  thin  laminae.  They 
belong  to  the  monoclinic  system,  but  the  position  of  the  bisectrix  in  general 
deviates  but  little  from  the  normal  to  the  plane  of  cleavage;  all  of  them  show 
on  the  basal  section  plane  angles  of  00°  or  120°,  marking  the  relative  position 
of  the  chief  zones  of  forms  present,  and  giving  them  the  appearance  of  hex- 
agonal or  rhombohedral  symmetry;  further,  tliey  are  more  or  leas  closely 
related  among  themselves  in  the  angles  of  prominent  forms. 

The  species  of  this  Division  all  yield  water  upon  ignition,  the  micas  mostly 
from  4  to  5  p.  c,  the  chlorites  from  10  to  13  p.  c;  this  is  probably  to  be 
regarded  in  all  cases  as  water  of  constitution,  and  hence  they  are  not  properly 
hudrous  silicates. 

More  or  less  closely  related  to  these  species  are  those  of  the  Serpentine  and 
Talc  Division  and  the  Kaolin  Division  following,  many  of  which  show  dis- 
tinctly a  mica-like  structure  and  cleavage  and  also  pseudo-hexagonal  symmetry. 

1.  Mica  Group.     Monoclinic. 
Muscovite  Potassium  Mica  H,KAl,(SiOJ, 

h:i\6  =  0-57735  :  1  :  3-3128      ft  =  89°  54' 
Paragonite         Sodium  Mica  H,NaAl,(SiO,), 

LepidoUte  Lithium  Mica  KLi[Al(OH,P),]Al(SiO,),  pt. 

Zinnwaldite       Lithium-iron  Mica 

Biotite  Magnesium-iron  Mica    (H,K),(Mg,Fe),(Al,Fe),(SiO,),  pt. 

a  :  i  :  (5  =  0  57735  :  1  :  3-2743      fi  =  90°  0' 
Phlogopite  (H,K,(MgP)  ),Mg.Al(SiO  J. 

Magnesium  Mica;  usually  containing  fluorine,  nearly  free  from  iron. 
lepidomelane  Annite 

Iron  Micas.     Contain  ferric  iron  in  large  amount. 

The  species  of  the  Mica  Group  crystallize  in  the  monoclinic  system,  but 
with  a  close  approximation  to  either  rhombohedral  or  orthorhombic  svmmetry^ 
the  plane  angles  of  the  base  are  in  all  cases  60°  or  120".     They  are  all  charac- 
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terized  by  highly  perfect  basal  cleavage,  yielding  very  thin,  tongh,  and  more 
or  less  elastic  laminsB.  The  negative  bisectrix,  a,  is  very  nearly  normal  to  the 
basal  plane,  varying  at  most  bnt  a  few  degrees  from  this;  hence  a  cleavage 
plate  shows  the  axial  interference-figure,  which  for  the  pseudo-rhombohedral 
kinds  is  often  uniaxial  or  nearly  uniaxial.  Of  the  species  named  above,  biotite 
has  usually  a  ver^  small  axial  angle,  and  is  often  sensibly  unaxial;  the  axial 
angle  of  phlogopite  is  also  small,  usually  10°  to  12°;  for  muscovite,  panv 
gouite,  lepidolite  the  angle  is  large,  in  air  commonly  from  50°  to  70°. 

The  Micas  may  be  referred  to  the  same  fundamental  axial  ratio  with  an 
angle  of  obliquity  differing  but  little  from  90°;  they  show  to  a  considerable 
extent  the  same  forms,  and  their  isomorphism  is  further  indicated  by  their  no: 
infrequent  intercrystallization  in  parallel  position,  as  biotite  with  muscovite, 
lepidolite  with  muscovite,  etc. 

A  blow  with  a  somewhat  dull-pointed  instrument  on  a  cleavage  plate  of 
mica  develops  in  all  the  species  a  six-rayed  percussion-figure  (Fig.  901.  also 
Fig.  477^  p.  149),  two  lines  of  which  are  nearly  parallel  to  the  prismatic 
edges;  the  third,  which  is  the  most  strongly  character- 
ized (Leitstrahl  Oerm,)yiB  parallel  to  the  clinopinacoid 
or  plane  of  symmetry.  The  micas  are  often  divided 
into  two  classes,  according  to  the  position  of  the  plane 
of  the  optic  axes.  In  the  first  class  belong  those  kinds 
for  which  the  optic  axial  plane  is  normal  to  h  (010),  the 
plane  of  symmetry  (Fig.  901);  in  the  second  class  the 
axial  plane  is  parallel  to  the  plane  of  symmetry.  The 
percussion -figure  serves  to  fix  the  crystallographic 
orientation  t^hen  crystalline  faces  are  wanting.  A 
second  series  of  lines  at  right  angles  to  those  men- 
tioned may  be  more  or  less  distinctly  developed  bv 
pressure  of  a  dull  point  on  an  elastic  surface,  forming  the  so-called  pressure- 
figure;  this  is  sometimes  six-rayed,  more  often  shows  three  branches  only,  and 
sometimes  only  two  are  developed.  In  Fig.  *901  the  position  of  the  pressure- 
figure  is  indicated  by  the  dotted  lines.  These  lines  are  connected  with  gliding- 
planes  inclined  some  67°  to  the  plane  of  cleavage  (see  beyond). 

The  micas  of  the  first  class  include:  Muscovite,  paragonite,  lepidolite,  also 
some  rare  varieties  of  biotite  called  anomite. 

The  second  class  embraces  :  Zinnwaldite  and  most  biotite,  including 
lepidomelane  and  phlogopite. 

Chemically  considered,  the  micas  are  silicates,  and  in  most  cases  orthosili- 
cates,  of  aluminium  with  potassium  and  hydrogen,  also  often  magnesium, 
ferrous  iron,  and  in  certain  cases  ferric  iron,  sodium,  lithium  (rarely  rubidium 
and  caesium);  further,  rarely,  barium,  manganese,  chromium.  Fluorine  is 
prominent  in  some  species,  and  titanium  is  also  sometimes  present.  Other 
elements  (boron,  etc.)  may  be  present  in  traces.  All  micas  yield  water  upon 
ignition  in  consequence  of  the  hydrogen  (or  hydroxyl)  which-they  contain. 


MUSOOVITB.     CommoD  Mica.    Potash  Mica.    Kaliglimmer  O^rm. 
Monoclinic.     Axes  a:i:d  =  0-57735  :  1  :  3-3128;  /?  =  89°  54', 
Twins  common  according  to  the  mica-law :  tw.  plane  a  plane  in  the  zone 
^if  normal  to  c,  the  crystals  often  united  by  c.    Crystals  rhombic  or  hexagonal 
in  outline  with  plane  angles  of  60°  or  120°.    Habit  tabular,  passing  into  taper- 
ing forms  with  planes  more  or  less  rough  and  strongly  striated  horizontally; 
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Ticinal  forms  common.  Folia  often  very  small  and  aggregated  in  stellate, 
plumose,  or  globular  forms;  or  in  scales,  and  scaly  massive;  also  crypto- 
crystalline  and  compact  massive. 

Cleavage:  basal,  eminent.  Also  planes  of  secondary  cleavage  as  shown  in 
the  percnssion-figare  (see  pp.  464  and  149) ;  natural  plates  hence  often  yield 

902.  903. 

cM,  001  A  221  =  85'  86'. 
c//,  001  A  in  =  81"  SO'. 
MM\  221  A  221  =  69'  48'. 

nu,  ill  A  iii  =  6»*  i6i'. 

narrow  strips  or  thin  fibers  \  axis  i,  and  less  distinct  in  directions  inclined  60° 
to  this.  Thin  laminsB  flexible  and  elastic  when  bent,  verv  tough,  harsh  to  the 
touch,  passing  into  kinds  which  are  less  elastic  and  have  a  more  or  less 
unctuous  or  talc-like  feel.  Etching-figures  on  c  monoclinic  in  symmetry 
(Fiff.  481,  p.  150). 

H.  =  2  ;i--5.  6.  =  2-76-3.  Luster  vitreous  to  more  or  less  pearly  or 
silky.  Colorless,  gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow, 
dark  olive-green,  rarely  rose-red.  Streak  uncolored.  Transparent  to  trans- 
lucent. 

Pleochroism  usually  feeble;  distinct  in  some  deep-colored  varieties  (see 
beyond).  Absorption  in  the  direction  normal  to  the  cleavage  plane  (vibra- 
tions II  b,  c)  strong,  much  more  so  than  transversely  (vibrations  f  a) ;  hence  a 
crystal  unless  thin  is  nearly  or  quite  opaque  in  the  nrst  direction  though  trans- 
lucent through  the  prism.  Optically  — .  Ax.  pi.  J_  I  and  nearly  _L  c  Bxa 
( =  a)  inclined  about  —  1°  (benind)  to  a  normal  to  c.  Dispersion  p  >  v. 
Axial  anffle  variable,  usually  about  70"^,  but  diminishing  to  50"^  in  kinds 
(phengite)  relatively  high  in  silica.  Birefringence  rather  high,  y  —  a  = 
0039;  /?y  =  1-5941. 

Var. — 1.  Ordinary  MttscatiU*  In  crystals  as  above  described,  often  tabular  |  e,  also 
tapering  with  vertical  faces  rough  and  striated;  the  basal  plane  often  rough  unless  asdevel- 
oped  by  cleavage.  More  commonly  in  plates  without  distinct  outline,  except  as  developed 
by  pressure  (see  above);  the  plates  sometimes  very  large,  but  passing  into  fine  scales, 
arranged  in  plumose  or  other  forms.  In  normal  muscovite  the  thin  laminae  spring  buck 
with  force  when  bent,  the  scales  are  more  or  less  harsh  to  the  touch,  unless  very  small,  and 
a  pearly  luster  is  seldom  prominent. 

2.  Damourite.  Including  margarodite,  gilbertiU,  hydro-muBCovUe,  and  most  htdro- 
MiCA  in  general.  Folia  less  elastic ;  luster  somewhat  pearly  or  silky  and  feel  unctuous  like 
talc.  The  scales  are  usually  small  and  it  passes  into  forms  which  are  fine  scaly  or  fibrous, 
as  gerieite,  and  finally  into  the  compact  cryptocrystalline  kinds  called  oneotiiu,  including 
much  piniie.  Axial  angle  for  damourite  chiefly  from  60*  to  70°.  Often  derived  by  alter- 
ation of  cyanite,  topaz,  corundum,  etc.  Although  often  spoken  of  as  hydrauM  micas,  it  does 
not  appear  that  damourite  and  the  allied  varieties  necessarily  contain  more  water  than 
ordinary  muscovite;  they  may,  however,  give  it  off  more  rejidily. 

Afargarodite,  as  originally  named,  was  tlie  talc-like  mica  of  Mt.  Greiner  in  theZillerthal; 
granular  to  scaly  in  structure,  luster  pearly,  color  grayish  white.  QUberiiU  occurs  in 
whitish,  silky  forms  from  the  tin  mine  of  St.  Austell,  Cornwall.  Sericite  is  a  fine  scaly 
muscovite  united  in  fibrous  aggregates  and  characterized  by  its  silky  luster  (hence  the  name 
from  a-ffpiKoS,  tilky. 

Comp.,  Tar. — For  the  most  part  an  orthosilicate  of  alumininm  and  potas- 
sium (H,K) AlSiO^.  If,  as  in  the  common  kinds,  H  :  K  =  2  :  1,  this  becomes 
H,BLAl,(SiO,),  =  2H,O.K.0.3Al,0..6SiO,  =  Silica  46-2,  alumina  38-6,  potash 
11-8,  water  45  =  100. 
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Some  kinds  give  a  larger  amount  of  silica  (47  to  49  p.  c.)  than  corresponds  to  a  normal 
ortbosilicate,  and  thej  have  been  called  phengiU.  As  shown  by  Clarke,  these  acid  mus- 
covites  can  be  most  simply  regarded  as  molecular  mixtures  of  HsKAlsiSiO*)!  and 
HaKAU(Si.O.).. 

Iron  is  usually  present  in  small  amount  only.  Barium  is  rarely  present,  as  in  oeUneheriU, 
G.  =  2  88-2 '99.  Chromium  is  also  present  infudisite  from  Schwarzenstein,  Zillertbal,  and 
elsewhere. 

Pyr.,  etc. — In  the  closed  tube  gives  water,  which  with  Brazil-wood  often  reacts  for 
fluorine.  B.B.  whitens  and  fuses  on  the  thin  edges  (F.  =  5*7,  v.  Kobell)  to  a  gray  or  yellow 
glass.  With  fluxes  gives  reactions  f<jr  iron  and  sometimes  manganese,  rarely  chromium. 
Kot  decomposed  by  acids.    Decomposed  on  fusion  with  alkaline  carbonates. 

Diff.— Distinguished  in  normal  kinds  from  all  but  the  species  of  this  division  by  the  per- 
fect basal  cleavage  and  micaceous  structure,  the  pale  color  separates  it  from  most  biotiie;  the 
laminte  are  more  flexible  and  elastic  than  those  of  phlogopite  and  still  more  than  those  of 
the  brittle  micas  and  the  chloriles. 

In  thin  sections  recognized  by  want  of  color  and  by  the  perfect  cleavage  shown  by 
fine  lines  (as  in  Pig.  907,  p.  844)  in  sections  l  c,  in  a  direction  parallel  to  e.  By  pefleriiii 
light  under  the  microscope  the  same  sections  show  a  peculiar  mottled  surface  with  saiin-like 
luster:  birefringence  rather  high,  hence  interference-colors  bright. 

Obs. — Muscovite  is  the  most  common  of  the  micas.  It  is  an  essential  constituent  cf 
mica  schist  and  related  rocks,  and  is  a  prominent  component  of  certain  common  varieties 
of  granite  and  gneiss;  also  found  at  times  in  fragmental  rocks  and  limestones;  in  volcanic 
rocks  It  is  rare  and  appears  only  as  a  secondary  product.  The  largest  and  best  developed 
crystals  occur  in  the  pegmatite  dikes  associated  with  granitic  intrusions,  either  directly 
cutting  the  granite  or  in  its  vicinity.  Often  in  such  occurrences  in  enormous  plates  from 
which  the  mica  or  '*  isinglass  "  of  commerce  is  obtained.  It  is  then  often  associate<l  witii 
crystallized  orthoclase,  quartz,  albite;  also  apatite,  tourmaline,  garnet,  beryl,  columbite. 
etc.,  and  other  mineral  species  ciinracteristic  of  granitic  veins.  Further,  musct)vite  often 
encloses  flattened  crystals  of  garnet,  tourmaline,  also  quartz  in  thin  plates  between  the 
sheets;  further  not  infrequently  magnetite  in  dendrite-likc  forms  following  in  pan  the 
directions  of  the  perciission-flgurc. 

Some  of  the  best  known  localities,  arc:  Abtihl  in  the  Sulzbachthal,  with  adularin; 
Rothenkopf  in  the  Zillerthal,  Tyrol;  Soboth,  Styria;  St.  Gothard,  Binnenlhal,  and  else- 
where in  Switzerland;  Mourne  Mts.,  Ireland;  Cornwall;  Ut6,  Falun,  Sweden;  Skutterud, 
Norway.     Obtained  in  large  plates  from  Greenland  and  the  East  Indies. 

In  Maine,  at  Mount  Mica  in  the  town  of  Paris;  at  Buckfield,  in  fine  crystals.  In  X. 
Hamp.,  at  Acworth,  Grafton.  In  Mass..  at  Chesterfield;  South  Roj^alston;  at  Goshen,  rose- 
red.  In  Conn.,  at  Monroe;  at  Litchfield,  with  cyanite;  at  the  MiddletoWn  feldspar  quarry; 
at  Haddam;  at  Branchville.  with  albite.  etc.;  New  Milford.  In  N.  York,  near  Warwick: 
Edenville;  Edwards.  In  Pd/in.,  at  Pennshury,  Chester  Co.;  at  Unionville,  Delaware  Co., 
and  at  Middletown.  In  Maryland,  at  Jones's  !^alls,  Baltimore.  In  Virginia,  at  Amelia  Court  - 
House.  In  No.  Carolina,  extensively  mined  at  many  places  in  the  western  part  of  the  stale; 
the  chief  mines  are  in  Mitchell,  Yancey,  Jackson  and  Macon  Cos.  The  mica  mines  have 
also  afforded  many  rare  species,  as  columbite.  samarskite,  hatchettolite.  uraninite,  etc.:  in 
good  crystals  in  Alexander  Co.  In  8.  Carolina,  there  are  also  muscovite  deposits;  also  iu 
Georgia  and  Alabama. 

Mica  mines  have  also  been  worked  to  some  extent  in  the  Black  Hills,  South  Dakot^i;  in 
Washington,  at  Uockford.  Spokane  Co.;  in  Colorado. 

Muscovite  is  named  from  Vitrum  Miueomticum  or  Muscovy-glass,  formerly  a  popular 
name  of  the  mineral. 

Finite.  A  general  term  used  to  include  a  large  number  of  alteration-products  especially 
of  iolite,  also  spodumene,  nephelite,  scapolite,  feldspar  and  other  minerals.  In  compo^^i- 
tion  essentially  a  hydrous  silicate  of  aluminium  and  potassium  corresponding  more  or  less 
closely  to  muscovite,  of  which  it  is  probablv  to  be  regarded  as  a  massive,  compact  variety, 
tisually  very  impure  from  the  admixture  of  clay  and  other  substances.  Characters  as  fol 
lows:  Amorphous;  granular  to  cryptocrystalline.  Rarely  a  submicaceous  cleavage.  H.  = 
2'5-8'5.  G.  =2*6-2*85.  Luster  feeble,  waxv.  Color  grayish  white,  grayish  green,  pea- 
green,  dull  green,  brownish,  reddish.  Translucent  to  opaque.  The  following  are  some  of 
the  minerals  classed  as  pinite:  gigantolite,  gieseckiie  (see  p.  355),  liebenerite,  dysyniribiie, 
par  ophite,  rosite,  polyargite,  wilsonite,  killinite. 

AgalmatoliU  (pagodite)  is  like  ordinary  massive  pinite  in  its  amorphous  compact  texture, 
luster,  and  other  physical  characters,  but  contains  more  silica,  which  may  be  from  tree 
quartz  or  feldspar  as  impurity.  The  Chinese  has  H.  =  2-2*5;  G.  =  2*78^*^*815.  Color=? 
usually  grayish,  grayish  green,  brownish,  yellowish.     Named  from  ayakfia,  an  image  ; 
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pagodiU  is  from  pagoda,  the  Chinese  carving  the  soft  stone  into  miniature  pngodas.  images, 
etc.  Ptirt  of  the  so-called  affalmatolite  of  China  is  true  piuite  in  composition,  another  part 
is  compact  pyrophyllite,  and  still  another  steatite  (see  these  species). 

ParagODite.  A  sodium  mica,  corresponding  to  muscovite  in  composition;  formula, 
HaNaAIi  (8iO«)i.  In  fine  pearly  scales:  also  compact.  G.  =  2-78-2-90.  Color  yellowish, 
i; ray ish.  greenish;  constitutes  the  mass  of  the  rock  at  Monte  Cumpione  near  Faido  in  Canton 
Tessin,  Switzerland,  containing  cyanite  and  staurolite;  called  paragonite-schist.  Occurs 
associated  with  tourmaline  and  corundum  at  Unionyille,  Delaware  Co.,  Pa. 

IjISPIDOIiITB.    Lithia  Mica.     Lithionglhnmer  Qerm, 

In  aggregates  of  short  prisms,  often  with  rounded  terminal  faces.  Crys- 
tals sometimes  twins  or  trillings  according  to  the  mica  law.  Also  in  cleavaSle 
plates,  but  commonly  massive  scaly-graniilar,  coarse  or  fine. 

Cleavage:  basal,  highly  eminent.  H.  =  2-5-4.  G.  =  2-8-2*9.  Luster 
pearly.  Color  rose-red,  violet-gray  or  lilac,  yellowish,  grayish  white,  white. 
Translucent.  Optically—.  Ax.  pi.  usually  X^;  rarely!^.  Bx^  (a)  inclined 
l""  47'  red,  and  1  33^'  yellow  (Na)  to  normal  to  c.  Axial  angle  large,  from 
50°-72°,  fi  =  1-5975. 

Coiiip.~In  part  a  metasilicate,  R.Al(SiO,),  or  KLi[Al(OH,F),]Al(SiO.),. 
The  ratio  of  fluorine  and  hydroxyl  is  variable.  The  following  are  analyses 
(Kiggs): 

Na.O    H.O      F 
211       1-96    6-29  =  102-88 
0-74       1-73    4-96 
[CaO,MgO  017  =  101-86 
•  With  077  (Rb.O),0. 

Pyr.,  etc. — In  the  closed  tube  gives  water  and  reaction  for  fluoriue.  B.B.  fuses  with 
intumescence  at  2-2*5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
purplish  red  at  the  moment  of  fusion  (lithia).  Wiih  the  fluxes  some  varieties  give  reactions 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After 
fusion,  gelatinizes  with  hydrochloric  acid. 

Obs.— Occurs  in  granite  and  gneiss,  especially  in  granitic  veins;  often  associated  with 
lithia.  tourmaline;  also  with  amblygonite,  spodumene, cassiterite,  etc.;  sometimes  associated 
with  muscovite  in  parallel  position. 

Found  near  Ut6  in  Sweden;  Penig,  Saxony;  Rozena  (or  Kozna),  Moravia,  etc.  In  the 
United  States,  common  in  the  western  part  of  Maine,  in  Hebron.  Auburn.  Paris,  etc.;  at 
Ohesterfleld,  Mass.;  Middletown.  Conn.;  with  rubellite  near  San  Diego.  California. 

Kamed  lepidolite  from  Xeicii,  ieale,  after  the  earlier  German  name  ScfiuppemUin,  allud- 
ing to  the  scaly  structure  of  the  massive  variety  of  Rozena. 

CooKEiTE  is  a  micaceous  mineral  occurring  in  rounded  aggre^tions  on  rubellite,  also 
with  lepidolite,  tourmaline,  etc.,  at  Hebron,  Me.     Composition  Li[Al(OH),]»(SiO«)«. 

Zinnwaldite.  An  iron-lithia  mica  in  form  near  biotite.  Color  pale  violet,  yellow  to 
brown  and  dark  gray.     Occurs  at  Zinnwald  and  Altenber^;  similarly  in  Cornwall. 

Oryophyllite  is  a  related  lithium  mica  from  Rockport,  Mass.  PolylUMoniU  is  a  lithium 
mica  from  Kangerdluarsuk,  Greenland. 

3IOTITB. 

Monoclinic;  pseudo-rhombohedral.  Axes  (i  :  S  :  <5  =  0'57735  : 1 :  3*2743; 
p  =  90°. 

Habit  tabular  or  short  prismatic;  the  pyramidal  faces  often  repeated  in 
oscillatory  combination.  Crystals  often  apparently  rhombohedral  in  sym- 
metry since  r  (101)  and  z  (132),  z'  (l32),  which  are  inclined  to  c  at  sensibly  the 
same  angle,  often  occur  together;  further,  the  zones  to  which  these  faces 
belong  are  inclined  120°  to  each  other,  hence  the  hexagonal  outline  of  basal 
sections.     Twins,  according  to  the  mica  law,  tw.  pi.  a  plane  in  the  prismatic 
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zonei.c.    Often  in  disseminated  scales,  sometimes  in  massive  aggregations 
of  cleavable  scales. 


eo,  00lAll2  =  78»  1'. 
cJf,  001  A  221  =  85"  38'. 
c/i.    001  A  in  =  81*  19'. 


«r, 


MM' 


001  A  101  =  80''  0*. 
001  A  182  =  80''  0'. 
221  A  221  =  5»*  48i'. 


904. 


905. 


906. 


Cleavage:  basal,  highly  perfect;  planes  of  separation  shown  in  the  percus- 
sion-figure; also  gliding-planes  p(205),  C  (135)  shown  in  the  pressn re-fig n re 
inclined  about  66  to  c  and  yielding  pseudo-crystalline  forms  (Fig.  475,  p.  148). 
H.  =  2*5-3.  G.  =  2-7-3'l.  Luster  splendent,  and  more  or  less  pearly  on  a 
cleavage  surface,  and  sometimes  submetallic  when  black;  lateral  surfaces 
vitreous  when  smooth  and  shining.  Colors  usually  green  to  black,  often  deep 
black  in  thick  crystals,  and  sometimes  even  in  thin  laminsB,  unless  the  lamina? 
are  very  thin;  such  thin  laminsB  green,  blood-red,  or  brown  by  transmitted 
light;  also  pale  yellow  to  dark  brown;  rarely  white.  Streak  uncolored. 
Transparent  to  opaque. 

Pleochroism  strong;  absorption  b  =  c  nearly,  for  a  much  stronger.  Hence 
sections  |  c  (001)  dark  green  or  brown  to  opaque;  those  i.c  lighter  and  deep 
brown  or  green  for  vibrations  \  c,  pale  yellow,  green  or  red  for  vibrations  J_  c. 
Pleochroic  halos  often  noted,  particularly  about  microscopic  inclusions.  Op- 
tically — .  Ax.  pi.  usually  ||  b,  rarely  ±6.  Bi|^  (=  o)  nearly  coincident  with 
the  normal  to  c,  but  inclined  about  half  a  degree,  sometimes  to  the  front, 
sometimes  the  reverse.  Axial  angle  usually  very  small,  and  often  sensibly 
uniaxial;  also  up  to  50°.     Birefringence  high,  y  —  a  =  0*04  to  0'06. 

Comp.,  Tar. — In  most  cases  an  orthosilicate,  chiefly  ranging  between 
(H,K).(Mg,Fe),(Al,Fe),(SiOJ,  and  (H,K).(Mg,Fe),Al,(SiOJ,.  Of  these  the 
second  formula  may  be  said  to  represent  typical  biotite.  The  amount  of  iron 
varies  widely. 

Biotite  is  divided  into  two  classes  by  Tschermak: 

I.  Meroxene.  Axial  plane  |  b,  II  Anohitb.  Ax.  pi.  1  b.  Of  these  two  kinds, 
meroxene  includes  nearly  all  ordinary  biotite,  while  anomite  is,  so  far  as  yet  observed,  of 
restricted  occurrence,  the  typical  localities  being  Greenwood  Furnace,  Orange  Co.,  N.  Y., 
atid  Xj.  Baikal  in  £.  Siberia.  Meroxene  is  a  name  early  given  to  the  Yesuvian  biotite. 
Anomite  is  from  aro/aoi,  contrary  to  law. 

Haughionite  and  Siderophyllite.  are  kinds  of  biotite  containing  much  iron. 

Manganophylliie  is  a  manganesian  biotite.  Occurs  in  aggregations  of  thin  scales.  Color 
bronze-  to  copper-reil.  Streak  pale  red.  From  Pajsberg  and  L&ngban,  Sweden:  Pieii- 
mont,  Italy. 

The  following  are  typical  analyses  of  biotite:  1,  by  Berwerth;  2,  by  Rammelsberg; 
8,  by  Smith  and  Brush. 

SiO,    A1,0.  Fe,0,   FeO    MgO 

1.  Yesuvius  89*30    16  95     048     8*45    21-89 

2.  Miask,  black 


32-49    12-84     6*56    261 8      5'29 


8.  AnomiU,  Greenwood  F.  89*88    14*99     7-i 


-      28-69 


CaO  K,0  Na,0  H,0     F 
0-82  7-79    0-49    402    0-89 
[=  101  OS 

-  9*69    0  88    2  42    1*61 
[TiO,  4  03  =  100-34 

-  911     1  12    1-30    0-95 

[010  44  =  99  16 
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Section  ±  e. 


Pyr.,  etc.— Id  the  closed  tube  gives  a  little  water.  Some  varieties  give  the  reaction  foi 
fluorine  in  the  open  tabe;  some  kinds  give  little  or  PQ7 

DO  reaction  for  iron  with  the  fluxes,  while  others 
give  strong  reactions  for  iron.  B.B.  whitens  and 
fuses  on  the  thin  edges.  Completely  decomposed 
by  sulphuric  acid,  leaving  the  silica  in  thin  scales. 

Diff. — Distinguished  by  its  dark  green  to  brown 
and  black  color  and  micaceous  structure,  usually 
Dearly  uniaxial. 

Recognized  in  thin  sections  by  its  brown  (or 
green)  color;  strong  pleochroism  and  strong  absorp- 
tion parallel  to  the  elongation  (unlike  tourmaline). 
Sections  |  e  are  non-pleochroic,  commonly  exhibit 
more  or  less  distinct  hexagonal  outlines  and  yield  a 
uegative  sensibly  uniaxial  figure.  Sections  J.  e  are 
strongly  pleochroic  and  are  marked  by  fine  parallel 
cleavage  lines  (Pig.  907);  they  also  have  nearly  par- 
allel extinction,  and  show  high  polarization  colors; 
by  reflected  light  they  exhibit  a  peculiar  mottled  or 
watered  sheen  which  ia  very  characteristic  and  aids  in  distinguishing  them  from  brown 
hornblende. 

Obs. — Biotite  is  an  important  constituent  of  many  different  kinds  of  igneous  rocks, 
especially  those  formed  irom  magmas  containing  considerable  potash  and  magnesia. 
C(Hnmon  in  certain  varieties  of  granites,  syenite,  diorite,  etc.^,  of  the  massive  granular  type; 
also  in  rhyolite,  trachyte,  and  andesite  among  the  lavas;  in  miuettes,  kersautites,  etc.  It 
occurs  also  as  the  product  of  metamorpbic  action  in  a  variety  of  rocks.  It  is  not  infre- 
quently associated  in  parallel  position  with  muscovite.  the  latter,  for  example,  forming  the 
outer  portions  of  plates  baving  a  nucleus  of  biotite. 

Some  of  the  prominent  localities  of  crystallized  biotite  are  as  follows:  Vesuvius,  com- 
mon particularly  in  ejected  limestone  masses  on  Monte  Somma,  with  augite,  chrysolite, 
nepbelite,  humite,  etc.  The  crystals  are  sometimes  nearly  colorless  or  yellow  and  then 
usually  complex  in  form;  also  dark  green  to  black;  Mt.  Monzoni  in  theFassathal;  Schwarz- 
enstein,  Zillerthal;  Rezb&nya  and  Morawitza  in  Hungary;  Schelingen  and  other  points  in 
the  Kaiserstubl;  the  Laacher  See;  on  the  west  side  of  L.  llmen  near  Minsk,  etc. 

In  the  United  States  ordinary  biotite  is  common  in  granite,  gneiss,  etc.;  but  notable 
localities  of  distinct  crystals  are  not  numerous.  It  occui-s  with  muscovite  (wh.  see)  as  a 
more  or  less  prominent  constituent  of  the  pegmatite  veins  in  the  New  England  States;  also 
Pennsylvania,  Virginia,  North  Carolina.    Siderophyllite  is  from  the  Pike's  Peak  region. 

Caswellitb.    An  altered  biotite  from  Franklin  Furnace,  N.  J. 


PHLOGOFITB. 

Monoclinic.  In  form  and  angles  near  biotite.  Crystals  prismatic,  tapering; 
often  large  and  coarse;  in  scales  and  plates. 

Cleavage:  basal,  highly  eminent.  Thin  laminae  tongh  and  elastic.  H.  = 
2-5-3.  G.  =  2 •78-2 '85.  Luster  pearly,  often  submetallic  on  cleavage  surface. 
Color  yellowish  brown  to  brownish  red,  with  often  something  of  a  copper-like 
reflection;  also  pale  brownish  yellow,  green,  white,  colorless.  Often  exhibits 
asterism  in  transmitted  light,  due  to  regularly  arranged  inclusions.  Pleochroism 
distinct  in  colored  varieties:  c  brownish  red,  b  brownish  green,  a  yellow. 
Absorption  c  >  b  >  a,  Burgess.  Optically  — .  Ax.  pi.  ||  b,  Bx^  nearly  _L  c. 
Axial  angle  (2E)  small  but  variable  even  in  the  same  specimen,  from  0°  to  17° 
25'  for  red.  Dispersion  p  <  v.  The  axial  angle  appears  to  increase  with  the 
amount  of  iron. 

A  magnesium  mica,  near  biotite,  but  containing  little  iron;  potassium  is 

prominent  as  in  all  the  micas,  and  in  most  cases  fluorine.    Typical  phlogopite, 

I  I 

according  to  Clarke,  is  R,Mg,Al(SiO,)„  where  R  =  H,K,MgF.    Analyses:  1 
by  Penfield ;  2  by  Clarke  and  Schneider. 
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SO,    A1«0,  F«.Ot  FeO     MfcO    B^    K,0  Na,0   H,0     F 
JEdwaitU       2-71»    |  44  81  10  a7    —    0-3128-90    —    8'40  0-4«»  5*42   —    ign  (100  ,  "^ 

[=  :•>.'  :.j 
Burgess  39  66  17^  027  0*20  26*49  0  62  9-97  0-60   2*99  2-^4  Ti.O  U  36 

•WlihOtBLhO. 

Obs. — ^Phlogopite  is  espedally  cbaracterUiic  of  crysUlliDe  limeslone  or  dolomiie.    I:  :< 
of  leu  associated   with  pyroxene,  amphibole,  serpeoune,  eic      Thus  as  at   Pargas,  ¥- 
land;  in  St.  Lawrence  Co.  and  Jefferson  Co.,  N.  Y.;  also  Burgess,  Ontario,  and  else>%Lcre 
in  Canada. 

Named  from  4>Xoyc9ii6i,  fire-like,  in  allusion  to  the  color. 

The  asterism  of  puiogopite,  seen  when  a  caudle-flame  is  Yiewed  through  a  thin  sheet,  i; 
a  common  cbamcter,  particularly  prominent  in  the  kinds  from  northern  New  Yoik  &l  : 
Canada.  It  has  beeu  stiown  to  be  due  to  minute  acicular  inclusions,  nitile  or  tourmaiiL  . 
arranged  cbiefly  in  tbe  direction  of  tbe  rays  of  the  pressure-figure,  producing  a  distiuci  m 
rayed  star;  also  parallel  to  the  lines  of  tbe  percustaoo-figure,  giving  a  secondary  star,  u^u^  ; 
less  prominent  than  tbe  other. 

Ijepidomelane.  Near  biotite,  but  characterized  by  tbe  large  amount  of  ferric  irr; 
present.  Anrute  from  Ca|)e  Ann.  Mass.,  belongs  here.  In  small  six-sided  tables,  or  t.: 
aggregate  of  minute  scales.  H.  =  8.  G.  =  3-0-3'2.  Color  black,  with  occasional:}  : 
leek  green  reflection. 

Alnrgita.    A  manganese  mica  from  8t  Marcel.  Piedmont. 


RoscoeUte.  A  vanadium  mica;  formuhi  doubtful.  In  minute  scales;  structure  mi -i 
ceous.  G.  =  2-92-2*94.  Color  clove-brown  to  greenish  brown.  Occurs  at  the  gold  mii 
at  Granite  Creek,  £1  Dorado  Co.,  California. 


2.  Clintonite  Group.     MoDOclinic. 

The  minerals  here  indaded  are  sometimes  called  the  Brittle  Micas.  TLet 
are  near  the  micas  in  cleavage,  crystalline  form  and  optical  properties,  but  ar^ 
marked  physically  by  the  brittleness  of  the  laminae,  and  cnemically  by  their 
basic  character. 

In  several  respects  they  form  a  transition  from  the  micas  proper  to  the 
chlorites.  Margarite,  or  calcinm  mica,  is  a  basic  silicate  of  alomininm  ani 
calcium,  while  Chloritoid  is  a  basic  silicate  of  aluminium  and  ferrous  iror 
(with  magnesium),  like  the  chlorites. 


BSARGABITS.     Ealkglimmer  Oertn. 

Monoclinic.  Barely  in  distinct  crystals.  Usually  in  intersecting  or 
aggregated  laminae;  sometimes  massive,  with  a  scaly  structure. 

Cleavage:  basal,  perfect.  Laminae  rather  brittle.  H.  =  3-5-4 -5.  G.  = 
2'99-3*08.  Luster  of  base  pearly,  of  lateral  faces  vitreous.  Color  grarisb, 
reddish  white,  pink,  yellowish.     Translucent,  subtranslucent. 

Optically  — -  Ax.  pi.  i.  h.  Bx^  approximately  J.  c,  but  varying  more 
widely  than  the  ordinary  micas,  a  c  =  +  6J°.  Dispersion  p  <  r.  Axial 
angle  large,  from  lOO*  to  120°  in  air.     Refractive  index  /3  =  l*64-l*65. 

Comp.  — H,CaAl,Si,0„  =  Silica  30*2,  alumina  51-3,  lime  14-0,  wa:er 
4-5  =  100. 

Pyr.,  etc.— Yields  water  in  tbe  closed  tube.  B.B.  whitens  and  fuses  on  the  edg«i 
Slowly  and  imperfectly  decomposed  by  boiling  hydrochloric  acid. 

Obfl. — Associated  commonly  wjth  corundum,  and  in  many  cases  obviously  forme: 
directly  from  it;  thus  at  the  emery  deposits  of  Gumuch-dagh  in  Asia  Minor,  the  islaoiif 
Naxos.  Nicaria.  etc.  Occv-s  in  chlorite  of  Mt.  Greiner.  Sterzing,  Tyrol.  In  tbe  U.  S..  n: 
the  emery  mine  «t  Chester    Mass.;  at  Union ville>  Chester  Co.,  Pa.;  with  corundum  t-a 
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Madison  Co.  and  elsewhere  in  North  Carolina;  at  Gaioesville,  Hall  Co.,  Georgia;  at  Dudley- 
ville,  Alabaiuu. 

Isamed  MargariU  from  ^apytxpiz-q^^  pearL 

SETBERTITE.    Clinton  ite.    Brandisite. 

MoDOcliniCy  near  biotite  in  form.  Also  foliated  massive;  sometimes 
lamellar  radiate. 

Cleavage:  basal,  perfect.  Structure  foliated,  micaceous.  Laminae  brittle. 
P(Mou8siou-  and  pressure-figures,  as  with  mica.  H.  =  4-5.  G^=  3-31.  Luster 
[)early  submetallic.  Color  reddish  brown,  yellowish,  copper-red.  Streak 
nil  colored,  or  slightlv  yellowish  or  grayish.  Pleochroism  rather  feeble.  Opti- 
mally —.  Ax.  pi.  J_  0  seybertite;  \  b  brandisite,  BXa  nearly  _L  c.  Axial  angles 
variable,  but  not  large.     Birefringence  high. 

Var. — 1.  The  Amily  wybei'tiie  {clintonite)  is  in  reddish-brown  to  copper-red  brittle 
friliuted  masses;  the  surfaces  of  tbe  folia  often  marked  with  equilateral  tiiaugles  like  some 
Luicn  and  ciilorite.     Axial  angle  d'^-lS". 

2.  Brandisite  (dUterrite),  from  the  Fasstithal,  Tyrol,  is  in  hexagonal  prisms  of  a  yellowish- 
L'ict  Q  ur  leek-green  color  to  reddish  gray;  H.  =  5  of  base;  of  sides,  tJ-6"6.  Ax.  plane  |  b. 
Lxiul  angle  15-80°.     Some  of  it  pseuUomorphous,  after  fassaite. 

Conip — In  part  U.(Mg,Ca),Al,Si,0„  =  3H,O.10(Mg,Ca)O.5Al,O..4SiO.. 

Pyr.,  etc. — Yields  water.  B.B.  infusible  alone,  but  whitens.  In  powder  noted  on  Dy 
ronccnt rated  acids. 

Obs. — ISeybertiU  occurs  at  Amity,  N.  Y.,  in  limestone  with  serpentine,  associated  with 
iimphibole,  spinel,  pyroxene,  graphite,  etc. ;  also  a  chlorite  near  leucbteubergite.  Brandisite 
LH  curs  on  Mt.  Monzoni  in  the  Fassathal,  Tyrol,  in  white  limestone,  with  fassaite  and  blH(  k 
spinel. 

Xanthophyllite.  Perhaps  He(Mg,Ca)i4Al]6SiftOfta.  The  original  xanthophyllite  is  in 
mists  or  in  implanted  globular  forms.  Optically  negative.  Ax.  angle  usually  very  small, 
Di  wMisibly  imiaxial;  sometimes  20°.     From  near  Zlatoust  In  the  Ural. 

WnlwftDite  is  the  same  species  occurring  in  distinct  pseud o-rhombohedral  crystals.  Folia 
i)!iiile.  H.  =  4*6.  G.  =  3  093.  Luster  vitreous;  on  cleavage  plane  pearly.  Color  leek- 
tf»  l>ottle-i^rcen.  Transparent  to  translucent.  Pleochroism  rather  feeble :  |  h  fine  green  ; 
i  A  reddish  brown.  Optically  -.  Ax.  pi.  I  h.  Bx  sensibly  jl  c.  2E  =  20°-40".  Axial 
inirk'  17"  to  83".  Found  with  perovskite  and  other  species  in  chloritic  schists  near  Achma- 
iov.sk,  in  the  southern  Ural. 

CHLORrrOCD.     Chloritspath.    Ottrelite.    Phyllite. 

Probably  triclinic.  Rarely  in  distinct  tabular  crystals,  usually  hexagonal 
in  outline,  often  twinned  with  the  individuals  turned  in  azimuth  120°  to  each 
other.  Crystals  grouped  in  rosettes.  Usually  coarsely  foliated  massive;  folia 
jfren  curved  or  bent;  and  brittle;  also  in  thin  scales  or  small  plates  dissemin- 
ated throu.e:h  the  containing  rock. 

Cleavage:  basal,  but  less  perfect  than  with  the  micas;  also  imperfect  parallel 
fo  phmes  inclined  to  the  base  nearly  90*^  and  to  each  other  about  60°;  b  diflfi- 
fult.  laminae  brittle.  H.  =  6-5.  G.  =  3-52-3-57.  Color  dark  gray,  greenish 
jrrny,  greenish  black,  grayish  black,  often  grass-green  in  very  thin  plates. 
Srreak  uncolored,  or  grayish,  or  very  slightly  greenish.  Luster  of  surface  of 
cleavage  somewhat  pearly. 

Pleochroism  strong:  c  yellow  green,  b  indigo-blue,  a  olive-green.  Optically 
-t-.  Ax.  pi.  nearly  ||  b.  Bx»  inclined  about  12°  or  more  to  the  normal  to  c  (001). 
Dispersion  p  >  v,  large,  also  horizontal.  Axial  angles  large,  in  air  100°  to 
118  -     Birefringence  low,  y  —  a  =  0'015. 

Comp. — For  chloritoid  H,(Fe,Mg)Al,SiO,.  If  iron  alone  is  present,  this 
re^juires:  Silica  23*8,  alumina  405,  iron  protoxide  28-6,  water  7*3  =  100. 
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Diff. — Recognized  by  the  crystal  outlines  and  general  micaceous  appearaDce;  high  rel 
green  colors;  distincl  cleavage;  frequent  twinning;  strong  phleochroism  and  low  iutL':<^r 
euce-colors.    By  the  last  character  readily  distinguished  from  the  micas;  aiso  by  the  L;.. 
relief  aud  extiuction  oblique  to  the  cleavage  from  the  chlorites. 

Obs. — Chloritoid  (otirelite,  etc.)  are  characteristic  of  sedimentary  rocks  which  have  snf 
fered  dyuaniic  meiamorphism,  especially  in  the  earlier  stages;  thus  found  in  argillites.  cul- 
glomerutes,  etc.,  which  iiave  assumed  the  schistose  condition.  With  more  advanced  degr>r 
of  metamorphism  it  disappears.  Often  grouped  in  fan-shaped,  sheaf-lil^e  forms,  nlii^>  l 
irregular  or  rounded  grains. 

The  original  cfiloritoid  from  Eosoibrod,  near  Ekaterinburg  in  the  Ural,  is  in  large  cun 
ing  laminae  or  platos,  grayish  to  blackish  green  in  color,  often  spotted  with  yellow  fr  :. 
mixture  with  limonite.  Other  localities  are  He  le  Groix  (Morbihan);  embedded  in  lar.* 
crystals  at  Yanlup,  Shetland;  Ardennes  in  schists  with  ottrelite;  also  from  Upper  Michigai. 
Leeds.  Canada,  etc. 

Si^fTk^ndintf  (Hi«FeTAli«Si»0ft4)  is  from  St.  Marcel;  it  occurs  also  with  glaucophane  t 
Zermatt  in  tbe  Yalais,  Switzerland,  aud  elsewhere. 

Sudmite  is  a  manganesiau  variety  occurring  in  irregular  masses,  having  a  coarse  saccLi. 
roidal  structure  and  grayish  color.    G.  =  3fi.    Prom  Vielsalm,  Belgium. 

Miuonite,  from  Katie,  R.  I.,  is  in  verv  broad  plates  of  a  dark  grayish-green  color,  hu\ 
bluish  green  in  very  thiu  laminsB  parallel  to  e,  and  grayish  green  at  right  angles  to  ili  &; 
occurs  in  argillaceous  schist. 

Ottrslite  is  generally  classed  with  chloritoid,  though  it  is  not  certain  that  they  are  id- 1  • 
tical;  it  seems  to  have  the  composition  Hs(Fe.Mn)AUSiaO*.  It  occurs  in  stnall,  obim >: 
shining  scales  or  plates,  more  or  less  hexagonal  in  form  and  gray  to  black  in  color;  in  ari: . 
laceous  schist  near  Ottrez,  on  the  borders  of  Luxembourg,  and  from  the  Ardennes;  also  iie^r 
Serravezza.  TUscany;  Tintagel  in  Cornwall.  Venasguite  is  from  Yenasque  in  the  Pyreoet?, 
and  from  Teule.  Finlstdre.     PhyUite  is  from  the  schists  of  New  England. 


3.  Chlorite  Group.     Monoclinic. 

The  Chlorite  Group  takes  its  name  from  the  fact  that  a  large  part  of  t-ie 
minerals  included  in  it  are  characterized  by  the  green  color  common  with  s  i  - 
cates  in  which  ferrous  iron  is  prominent.  The  species  are  in  many  respe^  ^ 
closely  related  to  the  micas.  They  crystallize  in  the  monoclinic  system,  bu: 
in  part  with  distinct  monoclinic  symmetry,  in  part  with  rhombohedral  symme- 
try,  with  corresponding  uniaxial  optical  character.  The  plane  angles  of  tii^ 
base  are  also  60  or  120",  marking  the  mutual  inclinations  of  the  chief  zorie> 
of  forms.  The  mica-like  basal  cleavage  is  prominent  in  distinctly  crystallize i 
form^  but  the  laminsB  are  tough  and  comparatively  inelastic.  Percussio::- 
and  pressure-figures  may  be  obtained  as  with  the  micas  and  have  the  same  ori- 
entation. The  etching-figures  are  in  general  monoclinic  in  symmetry,  in  part 
also  asymmetric,  suggesting  a  reference  to  the  triclinic  system. 

Chemically  considered  the  chlorites  are  silicates  of  aluminium  with  ferrnr^.' 
iron  and  magnesium  and  chemically  combined  water.  Ferric  iron  mav 
present  replacing  the  aluminium  in  small  amount;  chromium  enters  similar] 
m  some  forms,  which  are  then  usually  of  a  pink  instead  of  the  more  oommo' 
green  color.  Manganese  replaces  the  ferrous  iron  in  a  few  cases.  Calciin 
and  alkalies — characteristic  of  all  the  true  micas — are  conspicuously  absent,  >. 
present  only  in  small  amount. 

The  only  distinctly  crystallized  species  of  the  Chlorite  Group  are  Clinochl<  •- 
and  Penninite.     These  seem  to  have  the  same  composition,  but  while  tl 
former  is  monoclinic  in  form  and  habit,  the  latter  is  pseudo-rhombohedral  a' 
usually  uniaxial.     Prochlorite  (including  some  ripidolite)  and  Corundophili: 
also  occur  in  distinct  cleavage  masses. 

Besides  the  species  named  there  are  other  kinds  less  distinct  in  form,  ocni: 
ring  in  scales,  also  fibrous  to  massive  or  earthy;  they  are  often  of  more  or  ie-r 
undetermined  composition,  but  in  many  cases,  because  of  their  extensive  occur 
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rence,  of  considerable  geological  importance.  These  latter  forms  occur  aa 
secondary  minerals  resulting  from  the  alteration  especially  of  ferro-magnesiau 
silicates,  such  as  biotite,  pyroxene,  amphibole;  also  garnet,  vesuvianite,  eta 
They  are  often  accompanied  by  other  secondary  minerals,  as  serpentine,  limon- 
ite,  calcite,  etc.,  especially  in  the  altered  forms  of  basic  rocks. 

The  rock-making  chlorites  are  recognized  in  thin  sections  by  their  charac- 
teristic appearance  in  thin  leaves,  scales  or  fibers,  sometimes  aggregated  into 
sj)herulite8;  by  their  greenish  color;  pleochroism;  extinction  parallel  to  the 
cleavage  (unlike  chloritoid  and  ottrelite);  low  relief  and  extremely  low  inter- 
ference-colors, which  frequently  exhibit  the  "  ultra-blue."  By  this  latter  char- 
acter they  are.  readily  distinguished  from  the  micas,  which  they  strongly 
resemble  and  with  which  they  are  frequently  associated. 


OLINOOHIiORE.     Ripidolite  pL 
Monoclinic.    Axes:  a  it :  6  =  0*57735 
908.  *  909. 


1  :  2-2772;  /5  =  89*'  40'. 
910. 


Pfltscb. 


Schwarzenstein. 


Zillertbal. 


Crystals  usually  hexagonal  in  form,  often  tabular  ||  c.  Plane  angles  of  the 
basal  section  =  60°  or  120°,  and  since  closely  similar  angles  are  found  in  the 
zones  which  are  separated  by  60°,  the  symmetry  approxi-  911. 

mates  to  that  of  the  rhombohedral  system. 

Twins:  (1)  Mica  law,  tw.  pi.  i. 6*  in  the  zone  cm^; 
sometimes  contact-twins  with  c  as  comp.-face,  the  one  part 
revolved  60°  or  a  multiple  of  60°  in  azimuth  with  refer- 
ence to  the  other;  also  in  threefold  twins.  (2)  Penniji" 
ite  Jaw,  tw.  pi.  c,  con  tact- twins  also  united  by  c  (Fip.  910); 
here  corresponding  faces  differ  180°  in  position.  Massive, 
coarse  scaly  granular  to  fine  granular  and  earthy. 

Cleavage:  c  highly  perfect.  Laminas  flexible  tough,  and 
but  slightly  elastic.  Percussion-figure  and  pressure- 
ficriires  orientated  as  with  the  micas  (p.  464).  H.  =  2-2*5 
Luster  of  cleavage-face  some  what  pearly.  Color  deep  grass-green 
to  olive-green;  pale  green  to  yellowish  and  white;  also  rose-red. 
Streak  greenish  white  to  uncolored.  Transparent  to  translucent.  Pleo- 
ohroism  not  strong,  for  green  varieties  usually  a  green,  c  yellow. 
Optically  usually  +.  Ax.  pi.  in  most  cases  ||  b,  Bxa  inclined  some- 
what to  the  normal  to  c,  forward  ;  for  Achmatovsk  2°  30'.  Dispersion 
p  <v.  Axial  angles  variable,  even  in  the  same  crystal,  2E  =  20°-90°;  some- 
times sensibly  uniaxial.     Birefringence  low.     fi  =  1"588;  ;/  —  a  =  0*011. 

Var. — 1.  Ordinctry:  p-een  clinochlore,  passing  into  bluish   green;   (a)  in  crystals,  ai 
described,  usually  with  distinct  monoclinic  symmetry:  (6)  foliated;  (c)  massive.  . 

Leurlitenbergite.    Contains  usually  little  or  no  iron.    Color  white,  pale  green,  yellowish; 
often  resembles  talc.     From  near  Zlatoust  in  the  Ural. 

Kotdchvbeiie.     Contains  several  per  rent  of  chromium  oxide.    Crystals  rhombohedral  m 
habit.    Color  rose-red.     From  the  southern  Ural. 


Achmatovsk. 
G.  =r  2-r)5-2-78. 
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Manganiferoifs.  MiiDgan chlorite.  A  chlorite  from  the  Harstig  mine  near  Puj&btT^', 
Swedeu,  is  peculiar  iu  couiaiumg  2*3  p.  c.  MnO. 

Comp.— Normally  H,Mg,Al,Si,0„  =  4H,0.5MgO.Al,0..3SiO,  =  Silica  32  .^, 
alumina  18*4,  magnesia  36-1,  water  13*0  =  100.  Ferrous  iroii  nsnally  replace* 
a  small  part  of  the  magnesia,  and  the  same  is  trae  of  manganese  rarely;  some- 
times chromium  replaces  the  aluminium. 

Pyr  ,  etc, — Yields  water.  B.B.  in  the  platinum  forceps  whitens  and  fuses  wiih 
ililticulty  ou  the  edges  to  a  grayish-black  glass.  With  borax,  a  clear  glass  colored  by  iron. 
Ui.d  K(;iiielimed  chromium.     In  sulphuric  acid  wholly  decomposed. 

Obs. — Occurs  iu  conuectiou  with  chloritic  aud  talcose  rocks  or  schists  and  serpentine: 
soiiieiiines  in  pai*ullel  position  with  biotlte  or  phlogopite.  Prom ineui  localities  are:  Adi 
niutovsk  in  the  Ural;  Alain  Piedmont;  the  Zillerthal;  Zermatt,  Switzerland;  Marienberij. 
JSnxony;  ZOptau,  Mora  via.     A  uiangnDesian  variet}'  occurs  at  Pajsberg.  Swe<ien, 

In  the  U.  States,  at  Weslchester,  Penn.,  in  large  crystals  aud  plates;  also  Union ville  and 
Texas,  Penn.;  at  the  magnetic  iron  miue  at  Brewster,  N.  Y.,  in  part  changed  to  serpentlue. 

PBMNINITE.     Pennine. 

Apparently  rhombohedral  in  form  but  strictly  pseudo-rhombohedral  antl 
monoclinic. 

llabit  rhombohedral:  sometimes  thick  tabular  with  c  prominent,  agaiti 

steep  rhombohedral;   also  in  taperiin' 
^^^  **^-  six-sided     pyramids.      Rhombonedml 

faces  often  horizontally  striated.  Crys- 
tals often  in  crested  groups.  Als- 
massive,  consisting  of  an  aggregatinu 
of  scales;  also  compact  cryptocrystal- 
line. 

Cleavage:  <;  highly  perfect.   Laminit- 
ipgjjjg^  Zermatt.  flexible.     Percussion -figure  and   press- 

ure-figure as  with  clinochlore  but  les? 
easy  to  obtain;  not  elastic.  H.  =  2-2-5.  6.  =  2-6-2'85.  Luster  of  cleavage- 
surface  pearly;  of  lateral  plates  vitreous,  and  sometimes  brilliant.  Color  emer- 
ald- to  olive-green;  also  violet,  pink,  rose-red,  grayish  red;  occasionally  yellow- 
ish and  silver-white.  Transparent  to  subtranslucent.  Pleochroism  distinct: 
usually  II  c  green ;  J_  c  yellow.  Optically  +,  also  — ,  and  sometimes  both  in  adja- 
cent laminae  of  the  same  crystal.  Usually  sensibly  uniaxial,  but  sometimes  dis- 
tinctly biaxial  (occasionally  2E  =  61°)  and  both  in  the  same  section.  Some- 
times a  uniaxial  nucleus  while  the  border  is  biaxial  with  2E  =  36°,  the  latter 
probably  to  be  referred  to  clinochlore.     Indices  1*576  and  r579  Levy-Lex. 

Var.— 1.  PenniniU,  as  first  named,  included  a  green  crystallized  chlorite  from  the 
Penninine  Alps. 

Kdmmererite.  In  hexagonal  forms  bounded  by  steep  six-sided  pyramids.  Colt  r 
kermes  red;  peach-blossoin-fed.  Pleochroism  distinct.  Optically  -  from  L.  Itkul,  Biscr>K. 
Perm.  Russia;  -f  Texas,  Pa.  Uniaxial  or  biaxial  with  axial  angle  up  to  20'.  Rhodo- 
phyllite  from  Texas.  Pa.,  and  rhodoclirome  from  L.  Itkul  belong  here. 

PseudophUe  is  compact  massive,  without  cleavage,  and  resembles  serpentine. 

Gomp. — Essentially  the  same  as  clinochlore,  H,(Mg,Fe).Al,Si,0„. 

Pyr.,  etc.— In  the  closed  tube  yields  water.  B.B.  exfoliates  somewhat  and  ia  difficuUly 
fusible.  With  the  iluxes  all  varieties  give  reactions  for  iron,  and  many  varieties  react  fo: 
chromium.    Partially  decomposed  by  hydrochloric  and  completely  by  sulphuric  acid. 

Obs.— Occurs  with  serpentine  in  the  region  of  Zermatt.  Valais.  near  Mt.  Rosa,  e8pecial'.\ 
in  the  moAiues  of  the  Findelen  glacier;  crystals  from  Zermatt  are  sometimes  2  in.  long  aL 
\\  in.  thick;  also  at  the  foot  of  the  Simplon;  at  Ala,  Piedmont,  with   clinochlore;  ai 
Schwarzenstein  in  Tyrol;  at  Taberg  in  Wermland;  at  Snarum,  preenish  and  foliated. 

Kdmmererite  is  found  at  the  localities  already  mentioned;  also  near  Miaak  in  the  Urs:. 
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at  Haroldswick  ia  Unst,  Shetland  Isles.  In  large  crystn-ls  eDclosed  in  the  talc  in  crevices  of 
the  chromite  from  Kraubat,  Styria.  Abundant  at  Texas,  Lancaster  Co.,  Pa.,  along  with 
cliuocblore,  some  crystals  beiug  embedded  iu  clinochlore,  or  the  reverse.  Also  in  N.  Caro- 
lina, with  chromite  at  Gulsagee,  Macon  Co.;  Webster,  Jackson  Co.;  and  other  points. 

PROOHLORrm.     Ripidolite  pt. 

Monoclinic.  In  six-sided  tables  or  prisms,  the  side  plaues  strongly  furrowed 
and  dull.  Crystals  often  implanted  by  their  sides,  and  in  divergent  groups, 
fan-shaped,  vermicular,  or  spheroidal.  Also  in  large  folia.  Massive,  foliated» 
or  granular. 

H.  =  1-2.  Q.  =  2-78-2  96.  Translucent  to  opaque;  transparent  only  in 
very  thin  folia.  Luster  of  cleavage  surface  feebly  pearly.  Color  green,  grass- 
green,  olive-green,  blackish  green;  across  the  axis  by  transmitted  light  some- 
times red.  Streak  uncolored  or  greenish.  Laminsd  dexible,  not  elastic. 
Pleochroism  distinct.  Optically  +  in  most  cases.  Bx  inclined  to  the  normal 
to  c  some  2°.  Axial  angle  small,  often  nearly  uniaxial;  again  2E  =  23° — 30°, 
Dispersion  p  <v, 

Comp. — Lower  in  silicon  than  clinochlore,  and  with  ferrous  iron  usually^ 
but  not  always,  in  large  amount.    Analysis  by  Egger: 

SiO,         A),0.         Fe.O.  FeO  MgO         CaO         H,0 

Zillerthal  26  02  2016  I'O?  2808         1550  044         9  65  =  10002 

Obs.— Like  other  chlorites  in  modes  of  occurrence.  Sometimes  in  implanted  crystaK. 
MS  at  St.  Gotliard,  envelopiug  often  adularia,  etc.;  Mt.  Greiner  in  the  Zillerthal,  Tyrol; 
Kauris  in  Salzburc;  Traversella  in  Piedmont;  at  Mtn.  Sept  Lacs  and  St.  Cristophe  in 
I>7iupbine:  in  Styna.  Bohemia.  Also  massive  in  Cornwall,  iu  tin  veins;  at  Areiuliil  in 
Norway;  Salberg  and  Dannemora.  Sweden;  Dognacska,  Hungary.  Occasionally  formed 
trom  ampbibole.  In  Scotland  at  various  points.  In  the  U.  States,  near  Washington;  on 
Cattle  Mt..  Batesville,  Va.,  a  massive  form  resembling  soapstone,  color  grayish  green,  feel 
irreasy:  Steele's  mine,  Montgomery  Co.,  N.  C. ;  also  with  corundum  at  the  Culsagee  mine,, 
in  broad  plates  of  a  dark  green  color  and  fine  scaly;  it  dlflfere  from  ordinary  prochlorite  in 
the  smnll  amount  of  ferrous  iron. 

Oomndophilite.  A  chlorite  occurring  in  deep  green  laminee  resembling  clinochlore  but 
more  brittle;  contains  but  24  p.  c.  SiOa.     Occurs  with  corundum  at  Chester,  Mass. 

Amesitb.  H4(Mg,Fe)9Al«SiO».  Silica  21*4  p.  c.  In  hexagonal  plates,  foliated,  resem- 
bliu|^  the  green  talc  from  the  Tyrol.  H.=  2  5-3.  G.  =  2*71.  Color  apple-green.  Luster 
pearly  on  cleavage  face.  Optically  -f,  sensibly  uniaxial.  Occurs  with  diaspora  at  Chester,. 
Mass. 

Other  Chloritbs.  Besides  the  chlorites  already  described  which  occur  usually  in 
distinct  crystals  or  plates,  there  are.  as  noted  on  p.  472,  fonns  varying  from  fine  scaly  to 
tibrous  and  earthy,  which  as  already  noted  are  prominent  in  rocks.  In  some  cases  they 
may  belong  to  the  species  before  described,  but  frequently  the  want  of  sufficient  pure 
nniierial  has  left  their  composition  in  doubt.  These  chlorites  are  commonly  chai-acterized 
l»y  their  green  color,  distinct  pleochroism  and  low  birefringence  (p.  473). 

Tbe  following  are  names  which  have  been  given  particularly  to  the  chlorites  filling 
cavities  or  seams  in  basic  igneous  rocks:  aphrMideHie,  diabantiU,  delestitet  epiehlariUf  euro  lite, 
ehlarophaiUf  hullite. 

The  following  are  other  related  minerals. 

Oronatedite.  4Fe0.2FeaOi.SSiOs.4H«0.  Occurs  tapering  in  hexagonal  pyramids;  also 
in  diverging  groups;  amorphous.  Cleavage:  basal,  highly  perfect.  Thin  laminoB  elastic. 
G.  =3'34>3'35.  Color  coal-black  to  brownish  black;  by  transmitted  liffht  in  thin  scales 
emerald-green.     Streak  dark  olive-green.     From  PHbram  in  Bohemia;  also  in «Corn wall. 

Thoringite.  8FeO.4(Al,Fe),Os.6SiO,.0HaO.  Mas.sive;  an  aggregation  of  minute 
pearly  scales.  Color  olive-green  to  pistachio-green.  From  near  Saalfeld,  11  Thuringia: 
Hot  Springs,  Arkansas,  etc.;  from  the  metamorphic  rocks  on  the  Potomac,  near  Harper'a. 
Ferry  (awenUe), 
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Chamositb.  Coutains  iron  (FeO)  with  but  iittle  MgO.  Occurs  compact  or  odlitlc 
with  H.  about  8;  G.  =  3-8*4;  color  greenish  gray  to  black.  From  Chamoson,  near  St. 
Maurice,  in  the  Valais. 

Stilpnomelane.  An  iron  silicate.  In  foliated  plates;  also  fibrous,  or  as  a  velvety  cuat^ 
log.  G.  =  2'77-2'96.  Color  black,  greenish  black.  Occurs  at  Obergrund  and  elsewheie 
in  Silesia;  also  iu  Moravia;  near  Weilburg,  Nassau.  Chaleodite,  from  the  Sterling  Iroa 
iiiiue.  iu  Autwerp,  Jefferson  Co.,  N.  Y.,  coatiug  hematite  and  calcite,  is  the  same  mineral 
in  velvety  coating  of  mica-like  scales  with  a  bronze  color. 

Strigovite.     H4Fes(Al,Fe)tSi90.     In   aggregations  of   minute  crystals.      Color   dark 

freen.    Occurs  as  a  fine  coatiug  over  the  minerals  in  cavities  in  the  granite  of  Striegau  in 
ilesia. 
Rumpfite.     HiiMgTAlieSiioOflft.     Massive;    granular,   consisting  of  very  fine   scales. 
Golor  greenish  wnite.    Occura  with  talc  near  St.  Michael  iu  Upper  Styria. 

APPENDIX  TO  THE  MICA  DIVISION.— VERMICULITES. 

The  Vbrmiculite  Group  includes  a  number  of  micaceous  minerals,  all  bydrated  sili- 
cates, in  part  closely  related  to  the  chlorites,  but  varying  somewhat  widely  in  compctd- 
Uon.  They  are  alteration-products  chiefly  of  the  micas,  biotite,  phlogopite,  etc.,  and  retain 
more  or  less  perfectly  the  micaceous  cleavage,  and  often  show  the  negative  optical  character 
And  small  axial  angle  of  the  originul  species.  Many  of  them  are  of  a  more  or  less  indefiniie 
chemical  nature,  and  the  composition  varie^  with  that  of  the  original  mineral  and  with  the 
degree  of  alteration. 

The  laminse  in  general  are  soft,  pliable,  and  iuelastic;  the  luster  pearly  or  bronze-like, 
and  the  color  varies  from  white  to  vellovv  and  browu.  Heated  lo  100*-110"  or  dried  over 
sulphuric  acid  most  of  the  vermiculiies  lose  considerable  water,  up  to  10  p.  c,  which  is 
probably  hygroscopic;  at  ^00*"  another  portion  is  often  given  off;  and  at  a  red  heat  a  some- 
what larger  amount  is  expelled.  Connected  with  the  loss  of  water  upon  ignition  is  ihe 
common  physical  character  of  exfoliation:  some  of  the  kinds  especially  show  this  to  a 
marked  degree,  slowly  opening  out,  when  heated  gradually,  into  long  worm-like  threaiU. 
This  character  has  given  the  name  to  the  group,  from  the  Latin  wrmiculari,  io  breed  toorms. 
The  minerals  included  can  hardly  rank  as  distinct  species  and  only  their  names  caa 
be  given  here:  Jefferitite,  vermieulite,  euUagteiie^  kerrite,  UnniiiU,  hallite,  pkikuUljAik, 
9aaUU,  maeoniU,  dudUyite,  pyrMcUrite. 


HI.  Serpentine  and  Talc  Division. 

The  leading  species  belonging  here,  Serpentine  and  Talc,  are  closely  related 
to  the  Chlorite  Group  of  tne  Mica  Division  preceding,  as  noted  beyond. 
Some  other  magnesium  silicates,  in  part  amorphous,  are  included  with  them. 

6BRPENTINE. 

Monoclinic.  In  distinct  crystals,  but  only  as  pseudomorphs.  Sometimes 
foliated,  folia  rarely  separable;  also  delicately  fibrous,  the  fibers  often  easily 
separable,  and  either  flexible  or  brittle.  Usually  massire,  but  microscopically 
finely  fibrous  and  felted,  also  fine  granular  to  impalpable  or  cryptociystalline: 
slaty.  Crystalline  in  structure  but  often  by  compensation  nearly  isotropic: 
amorphous. 

Cleavage  ft  (010),  sometimes  distinct:  also  prismatic  (50**)  in  chrysotile. 
Fracture  usually  conchoidal  or  splintery.  Feel  smooth,  sometimes  greasv. 
H.  =  2 "S-t,  rarely  5-5.  G.  =  2-50-2-65 ;  some  fibrous  varieties  2*2-2-3;  retinal- 
ite,  2*36~2-55.  Luster  subresinous  to  greasy,  pearly,  earthy;  resin-like,  or 
wax-like:  usually  feeble.  Color  leek-green,  blackish  green;  oil- and  siskin- 
ereen:  brownish*  red,  brownish  yellow;  none  bright;  sometimes  nearly  white. 
On  exposure,  often  becoming  yellowish  gray.  Streak  white,  alighily  shining. 
Tntnslucent  to  opaque. 
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Pleochroism  feeble.  Optically  — ,  perhaps  also  +  in  chrysotile.  Double 
refraction  weak.  Ax.  pi.  ||  a  (LOO).  Bx  (a)  X  h  (OLO)  the  cleavage  surface;  c  || 
elongation  of  fibers.  Biaxial^  angle  variable,  often  large;  2V  =  20**  to  90°. 
Indices: 

Antigorite    a  =  1  560  fi  =  1-570    y  =  1-571    y  -  a  =  0  Oil  Levy-Lex. 
Var.— Mauy  UDSusiained  species  bnve  been  made  out  of  serpeutiDe,  differiug  in  struc- 
ture (massive,  slaty,  foliated,  librous).  or,  as  supposed,  iu  chemical  composition,  and  these 
uow,  in  part,  staud  as  varieties,  along  with  some  others  based  on  variations  in  texture,  etc. 

A.  In  Crystals — Pbetjdomorphs.  The  most  common  have  the  form  of  chrysolite. 
Other  kinds  are  pseudomorphs  after  pyroxene,  amphibole,  spinel,  chondrodite,  garnet, 
phlogopite,  etc.  Bastite  or  txhUUr  Spur  is  eustatite  (hyperstheue)  altered  more  or  less 
eonipleiely  to  serpentine.     See  p.  38r». 

B.  Massive.  I.  Ordinary  massive,  (a)  Precious  or  Noble  Serpentine  is  of  n  rich  oil- 
^reeu  color,  of  pale  or  dark  shades,  and  translucent  even  when  in  thick  pieces,  {b) 
Common  Serpentine  is  of  dark  shades  of  color,  and  subtranslucent.  The  former  has  a 
tiiirdness  of  2'5-3;  the  latter  often  of  4  or  beycnd,  owing  to  impurities. 

Resinous.  Hetinalite.  Massive,  honey-yellow  to  light  oil  green,  waxy  or  resin-likc 
luster. 

Bowenite  (Nephrite  Bowen).  Massive,  of  very  fine  granular  texture,  and  much  resembles 
nephrite,  and  wjis  long  so  called.  It  is  a])ple-green  or  greenish  white  in  color;  G.  =  2*594- 
.'  7^7,  Bowen;  and  it  has  the  unusual  hardness  5*5-6.  From  Smithfield,  R.  L;  also  a  sim- 
ilar kind  from  New  Zealand. 

C.  Lamellar.  Antigorite,  thin  lamellar  in  structure,  separating  into  translucent  folia; 
FI.  =  2*5;  G  =  2*622;  color  brownish  green  by  reflected  light;  feel  smooth,  but  not  greasy, 
Fiom  An tigorio  valley,  Piedmont. 

D.  Thin  Foliated.  MarmolUe,  iiiKu.  foliated;  the  laminae  brittle  but  separable.  G.  = 
3  41;  colors  greenish  white,  bluish  white  to  pale  aspiiragus* green.     From  Hoboken,  N.  J. 

£.  Fibrous.  Chrysotile.  Delicately  tibrous,  the  fibers  usually  flexible  and  easily 
-eparating;  luster  silky,  or  silky  metallic;  color  greenish  while,  green,  olive-green,  yellow 
ind  brownish;  G.  =  2*219.  Often  constitutes  seams  in  serpentine.  It  includes  most  of  the 
silky  amianthus  of  serpentine  rocks  and  much  of  what  is  popularly  called  asbesius 
asbestos).     Cf.  p.  401. 

Picrolite.  columnar,  but  flbers  or  columns  not  easily  flexible,  and  often  not  easily  sepa- 
rable, or  affording  only  a  splintery  fracture;  color  daik  green  to  mountain- green,  grav, 
brown.  The  origmal  was  from  Taberg,  Sweden.  BaltimoHte  is  plcrolite  from  Bare  Hills, 
Md. 

F.  Serpentine  Rocks.  Serpentine  often  constitutes  rock-masses.  It  frequently 
(Turs  mixed  with  more  or  less  of  dolomite,  magnesite,  orcalcite,  making  a  rock  of  clouded 
preen,  sometimes  veined  with  white  or  pale  green,  called  verd  antique,  ophiolite,  ovophieakite. 
Serjientine  rock  is  sometimes  mottled  with  red,  or  has  something  of  the  aspect  of  a  red 
P  rphyry;  the  reddish  portions  containing  an  unusual  amount  of  oxide  of  iron.  Any  ser- 
l>eniii)'e  rock  cut  into  slabs  and  polished  is  called  serpentine  marble. 

Microscopic  examination  has  established  the  fact  that  serpentine  in  rockma5^8e8  has  been 
largely  produced  by  the  alteration  of  chrysolite,  and  many  apparently  homogeneous  ser- 
pentines show  more  or  less  of  this  oricrinal  mineral.  In  other  cases  it  has  resulted  from  the 
tlieration  of  pyroxene  or  amphibole.     Sections  of  the  914. 

serpentine  derived  from  chrysolite  often  show  a  pecu- 
liar structure,  like  the  meshes  of  a  net  (Fig.  914);  the 
lines  marked  by  grains  of  magnetite  also  follow  the 
Driginal  cracks  and  cleavage  directions  of  the  chrysolite 
Fig.  915,  a).  The  serpentine  from  amphibole  and  pyrox- 
L-ue  commonly  shows  an  analogous  structure;  the  iron 
[)articles  following  the  former  cleavage  lines  Hence  the 
nature  of  the  original  mineral  can  often  be  inferred. 
Cf.  Fig.  915,  a,  6,  c  (Pirsson). 

Comp. — A  magnesium  silicate,  H^Mg,Si,0,  or 
3Mg0.2SiO,.2H,0  =  Silica  44-1,  magnesia  43-0, 

water  12*9  =  100.    Iron  protoxide  often  replaces  a  small  part  of  the  ma 
DBsium;   nickel  in  smsdl  amount  is  sometimes  present.     The  water  is  chiefly 
expelled  at  a  red  heat. 

Pyr.,  etc. — In  the  closed  tube  yields  water.    B.B.  fuses  on  the  edges  with  difficulty. 
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F.  =  6.  Gives  usually  an  irou  reaction.  Decomposed  by  hydrochloric  and  sulpbur.c 
acids.     Fpim  cbrysotile  the  silica  is  left  in  fine  fibers. 

Diflf. — Cburacierized  by  softness,  absence  of  cleavage  and  feeble  waxy  or  oily  lusu:. 
iow  specific  gravity;  by  yielding  much  water  B.B. 

Readily  recognized  in  thin  sections  by  its  greenish  or  yellowish-green  color;  low  rt'.i  ' 
and  aggregate  polarization  due  to  its  fibrous  structure.     When  the  fibers  are  parallel,  tie 
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a,  Serpentine  derived  from  chrysolite;  b,  from  amphibole;  e,  from  pyroxene. 

interference- colors  are  not  very  low,  but  the  confused  aggregates  may  show  the  "  ultra 
blue"  or  even  be  isotropic.  The  constant  association  with  other  magnesia  beariLi^ 
minerals  like  chrysolite,  pyroxene,  hornblende,  etc.,  is  also  characteristic.  The  presence 
of  lines  of  iron  particles  as  noted  above  (Fig.  915)  is  characteristic. 

Obs. — Serpentine  is  always  a  secondary  mineral  resulting,  as  noted  above,  from  the 
alteration  of  silicates  containing  magnesia,  particularly  chiysofite,  amphibole  or  pynixeui. 
It  frequently  forms  large  rock-maases;  then  being  derived  from  the  alteration  of  peridoiitt- 
duuites  and  other  basic  rocks  of  igneous  orlgm;  also  of  amphibolites,  or  pyroxene  an'. 
chrysolite  rocks  of  metamorphic  origin.  In  the  first  case  it  is  usually  accompanied  !v 
spinel,  garnet,  chromite  and  sometimes  nickel  ores;  in  the  second  case  by  varic::- 
carbonates  such  as  dolomite,  magnesite,  breunnerite,  etc. 

Crystals  of  serpentine,  pseudomorphous  after  monticellite.  occur  in  the  Passat liri! 
Tyrol^  near  Miask  al  Lake  Aushkul,  Barsovka,  Ekaterinburg,  and  elsewhere:  in  Norw.r, . 
at  Snarum;  etc.  Fine  precious  serpentines  come  from  Falun  and  GulsjO  in  Swetien,  tn' 
Isle  of  Man,  the  neighborhood  of  Portsoy  in  Aberdeenshire,  the  Lizard  in  Cornwall,  C«  • 
sica,  Siberia,  Saxon v,  etc. 

In  N.  America,  in  Maine y  at  Deer  Isle,  precious  serpentine.  In  Vermont,  at  New  Fnnt 
Roxbury,  etc.  In  Maaa.,  fine  at  Newburyport.  In  R,  Island,  at  Newport;  boweniU  ■\\ 
Smithfield.  In  Conn.,  near  New  Haven  and  Milford,  at  the  verd-antique  quarnV- 
In  N,  York,  at  Port  Henry,  Essex  Co.;  at  Antwerp,  Jetterson  Co.,  in  crystals;  in  Gouver 
neur,  St.  Lawrence  Co,  in  crystals;  in  Cornwall.  Monroe,  and  Warwick.  Oranire  O-. 
sometimes  in  large  crystals  at  Warwick;  and  from  Richmond  to  New  Brighton,  Richmon  1 
Co.  In  N.  Jersey,  at  Hoboken,  with  brucile.  magnesite,  etc.;  at  Montville,  Morris  Co 
chrysotile  and  retinalite,  with  common  serpentine,  produced  by  the  alteration  of  pyroxinr 
In  Penn.,  massive,  fibrous,  and  foliated,  at  Texas.  Lancaster  Co.:  at  West  Chester.  Chesirr 
Co.,  williamsite;  at  Mineral  Hill,  Newtown,  Marple.  and  Middletown,  Delaware  Co.  h 
Maryland,  at  Bare  Hills;  at  Cooptown,  Harford  Co.,  with  diallage.  In  Caltfortiia,  n: 
various  points  in  the  Coast  Range. 

In  Canada,  abundant  nmon^  the  metamorphic  rocks  of  the  Eastern  Townships  ar.u 
Gaspe  peninsula,  Quebec;  at  Thetford,  Coleraine,  Broughton,  Orford,  8.  Ham,  Boltrn 
Shiplon.  Melbourne,  etc.  The  fibrous  variety  chrysotile  (asbestus,  bostonite)  often  fornix 
seams  several  inches  in  thickncvss  in  the  massive  mineral,  and  is  now  extensively  mine<i  f  : 
technical  purjwses.  Massive  Laurentian  serpentine  also  occurs  in  Grenville,  Argentenil  O- 
Quebec,  and  North  Burgess,  Lanark  Co..  Ontario.  In  N,  Brunnoiek,  at  Crow's  Ne-t  ii 
Portland. 

The  names  Serpentina,  Ophite,  Lapis  coluhrinus.  allude  to^  the  green  serpent  ike 
cloudings  of  the  serpentine  marble.  Retinalite  is  from  ^peTtvtf,  resin;  Pieroliie^  fn-j 
niKp6<i,  bitter,  in  allusion  to  the  magnesia  (or  Bittererde)  present;  ThermophyllUe,  fri  ri 
Bepiiiyj,  Jieat,  and  0v\Xov,  leaf,  on  account  of  the  exfoliation  when  heated;  Chrytotilr 
from  ;f/3i;o*<>?,  ^o/d*!n.  and  n'XoS,  fibrous;  Metuxite,  from  //era^a,  silk;  MarmoUU^  froni 
;iapnaifjGo,  to  shine,  in  allusion  to  its  peculiar  luster. 
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I>ewey1ite.  A  mairnesiaD  silicate  near  serpentine  but  ivith  more  water.  Formula 
perhups  4MgO.88iOt.6HsO.  Amorphous,  resembling  gum  arabic,  or  a  resiu.  H.  =  2- 
H'o.  G.  =  2*0-2'2  Color  whitisii,  yellowisli,  reddish,  brownish.  Occurs  with  serpeiiiiue 
iu  the  Fleimstbal.  Tyrol;  also  at  Texas,  Penn.,  aud  the  Btire  HilVs,  Md.  Qymnite  of 
Thomson,  named  from  yvuvo^,  naked,  iu  allusion  to  the  locality  at  Bare  Hills,  Md.,  is  the 
same  species. 

Oenthite.  Nickel  Gvmnite.  A  gymnite  with  part  of  the  magnesium  replaced  by 
nickel.  2NiO.2MgO.8SiO3.6UtO.  Amorphous,  with  a  delicate  stalacdiic  surface,  incrust- 
ing.  H.  =  3-4;  sometimes  very  soft.  G.  =  2  409.  Luster  resinous.  Color  pale  apple- 
green,  or  yellowish.     From  Texas,  Lancaster  Co.,  Pn.,  in  thin  crusts  on  chromite. 

Oamierite.  Noumeite.  An  Important  ore  of  nickel,  consisting  essentially  of  a  hydrated 
silicate  of  magnesium  and  nickel,  perhaps  Ht(Ni,Mg)Si04  +  &4f  but  very  variable  in  com- 
position, particularly  as  regards  the  nickel  aud  magnesium;  not  always  homogeneous. 
Amorphous.  Soft  and  friable.  G.  =  2'8-2"8.  Luster  dull.  Color  bright  apple-greeu, 
pnle  green  to  nearly  white.  In  part  unctuous;  sometimes  adheres  to  the  tongue.  Occurs 
in  serpentine  rock  near  Noumea,  capital  of  New  Caledonia,  associated  with  chromic  iron 
and  steatite,  where  it  is  extensively  mined.  A  similar  ore  occurs  at  Riddle  in  Douglas 
County,  southern  Oregon;  also  at  Webster,  Jackson  Co.,  N.  C. 


TAIXJ. 

Orthorhombic  or  monoclinic.  Rarely  in  tabular  crystals^  hexagonal  or 
rhombic  with  prismatic  angle  of  60°.  Usually  foliated  massive;  sometimes  in 
^lobular  and  stellated  groups;  also  granular  massive^  coarse  or  fine;  fibrous 
(pseudoraorphous) ;  also  compact  or  cryptocrystalline. 

Cleavage:  basal^  perfect.  Sectile.  Flexible  in  thin  laminae,  but  not  elastic. 
Percussion-figure  a  six-rayed  star,  oriented  as  with  the  micas.  Peel  greasy. 
II.  =  1-1*6.  G.  =  2'7-2-8.  Luster  pearly  on  cleavage  surface.  Color  apple- 
green  to  white,  or  silvery-white;  also  greenish  gray  and  dark  green;  sometinjes 
bright  green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent 
at  right  angles  to  this  direction;  brownish  to  blackish  green  and  reddish  when 
impure.  Streak  usually  white;  of  dark  green  varieties  lighter  than  the  color. 
Sub  transparent  to  translucent.  Optically  negative.  Ax.  pi.  \a,  BxJ_c. 
Axial  angle  small,     y  —  a  =  0035-0-050. 

Var. — Foliated,  Talc.  Consists  of  folia,  usually  easily  separated,  having  a  greasy  feel, 
and  presenting  ordinarilv  light  green,  greenish  white,  and  white  colors.     G  =  2'55-2'78. 

jkcuHw,  SteatUe  or  Sonpstone  (Speckstein  Germ,),  a.  Coarse  granular,  grayish  green, 
and  brownish  gray  in  color;  H.  =  1-2-5.  Pot-stone  is  ordinary  soapstone,  more  or  less 
impure,  b.  Fine  granular  or  ciyptocrystalline.  and  soft  enough  to  be  used  as  chalk;  as  tbe 
French  chalk,  which  is  milk-white  with  a  pearly  luster,  c.  Indurated  talc.  An  imjiure 
slaty  talc,  harder  than  ordinary  talc. 

PseudovMrrphous.  a.  Fibrous,  fine  to  coarse,  altered  from  enstatite  and  tremolite. 
h.  Rengselaerite,  having  the  form  of  pyroxene  from  northern  New  York  and  Canada. 

Gomp. — Anacid  metasilicate  of  magne8ium,H,Mg,(SiO,)^or  H,0.3Mg0.4SiO, 
=  Silica  63*5,  magjnesia  317,  water  48  =  100.  The  water  goes  off  only  at  a 
red  heat.     Nickel  is  sometimes  present  in  small  amount. 

Pyr.,  etc. — In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water. 
In  the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a 
white  enamel.  Moistened  with  cobalt  solution ,  assumes  on  i/irnition  a  pale  red  color.  Not 
decomposed  by  acids.     Rensselaerite  is  decomposed  by  concentrated  sulphuric  acid. 

Diff  — Chanicterized  by  extreme  softness,  soapy  feel;  common  foliated  structure;  pearly 
luster;  it  is  flexible  but  inelastic.     Yields  water  only  on  intense  ignition 

Oba. — Talc  or  steatite  is  u  very  common  mineral,  and  in  the  latter  form  constitutes 
extensive  beds  in  some  rccions.  It  is  often  associated  with  serpentine,  taloose  or  chlnritic 
schist,  and  dolomite,  and  frequently  contains  crystals  of  dolomite,  breunnerite,  also 
asbestus,  actinolite,  tourmaline,  magnetite. 

Steatite  is  the  material  of  many  pseudomorphs,  among  which  the  most  common  are 
those  after  pyroxene,  hornblende,  mica,  scapolite,  and  spinel.    Themagnesian  minerals  are 
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those  which  commonly  afford  steatite  by  alteration;  while  those  like  scapoliteand  nephelite, 
which  contain  soda  and  no  magnesia,  most  frequently  yield  pinite-like  pseudomorpbs. 
There  are  also  steatitic  pseudomorphs  after  quartz,  dolomite,  topaz,  chiastolite,  staurohie. 
cyanite,  garnet,  vesuvianite.  chrysolite,  gehlenite.  Talc  in  the  fibrous  form  is  paeudomorpli 
after  enstatite  and  tremolite. 

Apple-green  talc  occurs  at  Mt.  Greiner  in  the  Zillerthal,  Tyrol;  in  the  Yalais  and  St. 
Oothard  in  Switzerland;  in  Cornwall,  near  Lizard  Point,  with  serpentine;  the  Shetlaod 
Islands. 

In  N.  America,  foliated  talc  occurs  in  Maine,  at  Dexter.  In  Vermont,  at  Bridgewater, 
handsome  green  talc,  with  dolomite;  Newfane.  In  Mom.,  at  Middlefield.  Windsor,  Blan- 
ford,  Andover,  and  Chester.  In  H.  Island,  at  Smithfield.  delicate  green  and  white  io  n 
<:rystalline  limestone.  In  N,  York,  ut  Edwards,  St.  Lawrence  Co..  a  tine  fibrous  lalc 
(agcUiie)  associated  with  pink  tremolite;  on  Stalen  Island.  In  J^.  Jeney,  Sparta.  In  Penn., 
at  Texas,  Nottingham,  Unionville;  in  South  Mountain,  ten  miles  south  of  Carlisle;  nt 
Chestnut  Hill,  on  the  Schuylkill,  talc  and  also  soapstone,  the  latter  quarried  extensively. 
In  Maryland,  ut  Cooptown,  of  green,  blue,  and  rose  colors.  In  N,  Gar,,  at  Webster.  Jack 
son  Co.  In  Canada,  in  the  townships  Bolton.  Sutton,  and  Potton,  Quebec,  with  steatite  io 
beds  of  Cambrian  age;  in  the  township  of  Elzevir,  Hastings  Co.,  Ontario,  an  impure 
grayish  var.  in  Archieau  rocks. 

SZSPIOIjITZI.     Meerschaum  Oerm,    L'^cume  de  mer  Fr. 

Compact,  with  a  emooth  feel,  and  fine  earthy  texture,  or  clay-like;  also 
rarely  fibrous.  H.  =  2-2*5.  G.  =  2.  Impressible  by  the  nail.  In  dry  masses 
floats  on  water.  Color  grayish  white,  white,  or  with  a  faint  yellowish  or 
redilish  tinge,  bluish  green.     Opaque. 

Comp.—ll^Mg,Si  0,,  or  2H,0.2Mg0.3SiO,  =  Silica  60-8,  magnesia  271, 
water  12*1  =  100.  Some  analyses  show  more  water  (2H,0),  which  is  probably 
to  be  regarded  as  hygroscopic.  Copper  and  nickel  may  replace  part  of  the 
magnesium. 

P3rr.,  etc. — In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher 
temperature  gives  much  water  and  a  burnt  smell.  B.B.  some  varieties  blacken,  then  burn 
white,  and  fuse  with  difficulty  on  the  thin  edges.  With  cobalt  solution  a  pink  color  on 
ignition.     Decomposed  by  hydrochloric  acid  with  gelatin izat ion. 

Obs.—Occurs  in  Asia  Mmor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  tbe 
plains  of  Eskihi  sher;  at  Hrubschitz  in  Moravia;  in  Morocco,  called  in  French  Pierre  (k 
Saton  de  Maroe;  at  Vallecas  in  Spain,  in  extensive  beds. 

A  fibrous  mineral,  having  the  composition  of  sepiolite,  occurs  in  Utah. 

The  word  meerschaum  is  German  lor  sea-frot?i,  nud  alludes  to  its  lightnefss  and  color. 
Sepiolite  Glocker  is  from  o-7/;ritt,  euttle-fish,  the  bone  of  which  is  light  and  porous;  ami 
being  also  a  production  of  the  sea.  **  deinde  spumam  marinam  significabat,"  saxs  Glocker 

Connarite.  A  hydrous  nickel  silicate,  perhaps  H4Ni9Si»Oio.  In  small  fragile  grains. 
O.  =  2-459-2-619.     Color  yellowish,  green.     From  R5ttis.  in  Saxon  Voigtland. 

Spadaite.  Perhaps  5MgO.6SiOt.4H9O.  Massive,  amorphous.  Color  reddish.  Fi-om 
Capo  di  Bove,  near  nome. 


8APONITZI.     Piotine. 

Massive.  In  nodules,  or  filling  cavities.  Soft,  like  butter  or  cheese^  but 
brittle  on  drying.  G.  =  2'24-2*30.  Luster  greasy.  Color  white,  yellowish, 
grayish  green,  bluish,  reddish.    Does  not  adhere  to  the  tongue. 

Comp. — A  hydrous  silicate  of  magnesium  and  aluminium;  but  the  material 
is  amorphous  and  probably  always  impure,  and  hence  analyses  give  no  uniform 
results.  Contains  SiO,  40-45  p.  c,  A1,0,  5-10  p.  c,  MgO  19-26  p.  c,  H,0  19- 
'  21  p.  c;  also  Fe,0„  FeO,  etc. 

Pyr.,  etc.— B.B.  gives  cutwater  very  readily  and  blackens;  thin  splinters  fuse  will. 
difficulty  on  the  edge.     Decomposed  by  sulphuric  acid. 

Obs.*— Occurs  in  cavities  in  basalt,  diabase,  etc. :  also  with  serpentine.  Thus  at  Lizaid 
Point,  Cornwall,  in  veins  in  serpentine;  at  various  localities  in  Scotland,  etc. 
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SapoDite  is  from  Mpo,  noap;  and  piotine  from  icioxri^,  fat. 

Celadonite.  A  silicate  of  Iron,  magnesium  and  potassium.  Earthy  or  in  minute 
scales.  Very  soft.  Color  green.  From  cavities  in  amygdaloid  at  Mte.  Baldo  uear 
Verona. 

Olauconite.  Essentially  a  hydrous  silicate  of  iron  and  potassium.  Amorphous,  and 
re.senibling  earthy  chlorite;  either  in  cavities  in  rocks,  or  loosely  granular  massive.  Color 
iluU  green.  Abundant  iu  the  "green  sand,"  of  the  Chalk  formation,  sometimes  cpnstitut- 
ing  75  to  90  p.  c.  of  the  whole. 

PhoUdolite.  Corresponds  approximately  to  5H,O.E,0.12(Fe,Mg)O.A1,Os.ldSiO,. 
Im  minute  crystalline  scales.  G.  =  3-408.  Color  grayish  yellow.  FromTaberg  in  Werm- 
laiid,  Sweden,  with  garnet,  diopside,  etc. 


IV.    Kaolin  Division. 

KAOUNTTB.     Kaolin. 

Monoclinic;  in  thin  rhombic^  rhomboidal  or  hexagonal  scales  or  plates 
with  angles  of  60°  and  120^.  Usually  constituting  a  clay-like  mass,  either 
compact,  friable  or  mealy. 

Cleavage:  basal,  perfect.  Flexible,  inelastic.  H.  =  2-2-5.  G.  =  2-6-2-63. 
Luster  of  plates,  pearly;  of  mass,  pearly  to  dull  earthy.  Color  white,  grayish 
white,  yellowish,  sometimes  brownish,  bluish  or  reddish.  Scales  transparent 
to  translucent;  usually  unctuous  and  plastic. 

Optically  biaxial,  negative.  Bxo±^.  Bx»  and  ax.  pi.  inclined  behind 
some  20°  to  normal  to  c  (001)  Dick.     Axial  angle  large,  approx.  90°. 

Var. — 1.  Kaolinite.  In  crystalline  scales,  pure  white  and  with  a  satin  luster  iu  the  mass. 
2.  Ordinary.  Common  kaolin,  in  part  in  crystalline  scales  but  more  of  less  impure 
including  the  compact  lUhomarge, 

Comp.~lI^Al,Si,0„  or  2H,O.Al,0,.2SiO,  =  Silica  465, alumina  39*5,  water 
140  =  100.     The  water  goes  off  at  a  high  temperature,  above  330°. 

Pyr.,  etc. — Yields  water.  B.B.  infusible.  Gives  a  blue  color  with  cobalt  solution. 
Ins4)luble  in  acids. 

Diff.— Characterized  by  unctuous,  soapy  feel  and  the  alumina  reaction  B.B.  Resembles 
iQriisf>rial  earth,  but  readily  distinguished  under  the  microscope. 

Obs.— Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especially 
lie  feldspar  of  granitic  and  gneissoid  rocks  and  porphyries.  In  .«<ome  regions  where  these 
rocks  have  decomposed  on  a  large  scale,  the  resulting  clay  remains  in  vast  beds  of  kaolin^ 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some 
of  the  other  minerals  present.  Pare  knolinite  in  scales  often  occurs  in  connection  with 
iron  ores  of  the  Coal  formation.  It  sometimes  forms  extensive  beds  in  the  Tertiary  forma- 
tion, as  near  Richmond,  Va.  Also  met  with  accompanying  diaspore  and  emery  or 
corundum. 

Occurs  in  the  coal  formation  in  Belgium;  Schlan  in  Bohemia;  in  argillaceous  schist  at 
Lfxl^ve,  Dept,  of  Herault,  France;  iis  kaolin  at  Diendorf  (Bodenmais)  in  Bavaria;  at 
>Sciiemnitz;  with  fluor  at  Zitinwald.  Yrieiz,  uear  Limoges,  is  the  best  locality  of  kaolin 
ill  Europe  (a  discovery  of  1705);  it  affords  material  for  the  famous  Sdvres  porcelain 
manufactory.  Large  quantities  of  clay  (kaolin)  are  found  in  Cornwall  and  West  Devon, 
England. 

In  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wilmington,  Del.;  at  various 
localities  in  the  limonite  reeion  of  Vermont  (at  Brandon.  etc.)»  Massachusetts.  Pennsyl- 
vania; Jacksonville,  Ala.;  Edgefield,  8.  C;  near  Aueusts.  Ga. 

The  name  Kaolin  is  a  corruption  of  the  Chinese  Kauling,  meaning  highridgc,  the  name 
of  a  hill  near  Jauchau  Fu,  where  the  material  is  obtained. 

Pholerite  Near  kaolinite,  but  some  analyses  give  15  p.  c.  water.  The  original  was 
from  the  coal  mines  of  Fins,  Dept.  of  Allier,  France. 

HAixoTsrrzi. 

Massiye.     Clay-like  or  earthy. 

Fracture  conchoidal.     Hardly  plastic.     H.=  l-2.     G,  =  2*0-2-20.     Luster 
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somewhat  pearly,  or  waxy,  to  dull.  Color  white,  grayish,  greenish,  yellown 
bluish,  reddish.  Translucent  to  opaque,  sometimes  becoming  translucent  • 
even  transparent  in  water,  with  an  increase  of  one-fifth  in  weight. 

Var. — Ordinary.  Earthy  or  waxy  in  luster,  and  opaque  massive.  OalapectUe  is  ha  i 
ite  of  Aii«»lar.  Paeudosieaiite  of  Thomson  &  Binncy  is  an  impure  varieiy.  dark  gitti 
color,  with  H.  =  2-25.  G.  =  2-469.  IttdianaiU  is  a  white  porcelain  clay  from  Lavrtrs 
Co.,  Indiana,  where  it  occurs  with  allophane  in  beds  four  to  ten  feet  thick. 

Smectite  is  greenish,  and  in  certain  states  of  humidity  appears  transparent  and  a!34 
gelatmous;  it  is  from  Oonde,  near  Hqudan,  France. 

Bole,  in  part,  may  belong  here;  that  is,  those  colored,  unctuous  clays  containing  r  i 
or  less  iron  oxide,  which  also  have  about  24  p.  c.  of  water;  the  iron  gives  them  a  bruvoH 
yellowish  or  reddish  color;  but  they  may  be  mixtures.  Here  heXoug^  BergMeife  (mouu.ii 
soap). 

Comp. — A  silicate  of  aluminium  (Al,0,.2SiO,)  like  kaolinite,  but  aniui 
phous  and  containing  more  water;  the  amount  is  somewhat  uncertain,  but  li 
formula  is  probably  to  be  taken  as  H,Al,Si,0,+  aq,  or  2H,O.Al,0,.2SiO,-i 
=  Silica  43-5,  alumina  369,  water  19-6  =  100. 

P3rr.,  etc. — Yields  water.  B.B.  infusible.  A  fine  blU^  with  cobalt  solution.  Dtc>i 
posid  by  acids. 

Oba. — Occurs  often  in  veins  or  beds  of  ore,  as  a  secondary  product;  also  in  granite  d 
other  rocks,  being  derived  from  the  decomposition  of  some  aluminous  minerals. 

Newtonite.  HuAUSitOu -|- aq.  In  soft  white  compact  maases  reaembliog  k^  J 
Found  on  Sneed's  Creek  in  the  northern  part  of  Newton  Co.,  Arkansas. 


Cimolite.  A  hydrous  silicate  of  aluminium,  2Al9Os.9SiOs.6HtO.  Amorphous  qa} 
like,  or  chalky.  Very  soft.  G.  =  218-230.  Color  white,  grayish  white,  reddish.  Frd 
the  island  of  Argenliera  (Kimolos  of  the  Greeks). 

Montmorillonite.  Probably  HiAUSitOn  +  n  aq.  Massive,  clay-like.  Very  soft  \i^ 
tender.  Luster  feeble  Color  white  or  grayinh  to  rose-red,  and  bluish;  also  pistachio-gn*  < 
Unctuous.  Mmtmorillonite,  from  Montmoiillon,  France,  is  rose-red.  CdaJMemiie  ii  pfik 
rose-red;  fr.  Confolens,  Dept.  of  Charente.  at  St.  Jean-de-Cdle,  near  Thiviera. 

Stolpenite  is  a  clay  from  the  basalt  of  Stolpen.  Saponite  of  Nicklds  is  a  white,  pl&<i: 
sonp-like  clay  from  the  granite  from  which  issues  one  of  the  hot  springs  of  Plombii-nri 
France,  called  Soap  Spring;  it  was  named  smegmatite  by  Naamaun. 

PTROPHTLLim. 

Monoclinic?  Foliated,  radiated  lamellar  or  somewhat  fibrons;  also  granc 
lar  to  compact  or  cryptocrystalline;  the  latter  sometimes  slaty. 

Cleavage:  basal,  eminent.  Laminae  flexible,  not  elastic.  Feel  grea^j 
H  =  1-2.  G.  =  2 •8-2-9.  Luster  of  folia  pearly;  of  massive  kinds  dull  a:.i 
glistening.  Color  white,  apple-green,  grayish  and  brownish  green,  yellowis! 
to  ocher-yellow,  grayish  white.  Sub  transparent  to  opaqne.  Optically  - 
Bx  _L  cleavage.     Ax.  angle  large,  to  108°. 

Var. — (1)  Foliated,  and  often  radiated,  closely  resembling  talc  in  color,  feel,  luster  ar^ 
siniciure.    (2)  Compact  maasice,  white,  grayish  and  greenish,  somewhat  resembling  1  ' 
pact  sieatite,  or  French  chalk.    This  compact  variety  includes  part  of  what  has  gone  'i: 
tlie  name  of  agalmalolite.  from  China;  it  is  used  for  slate-pencils,  and  is  sometimes  c  h 
pe/ifiU'Stone. 

Comp.— H,Al,(SiO.),  or  H,O.Al,0,.4SiO,  =  Silica  66*7,  alumina  28*3,  va:- 
50  =  100. 

Pyr.,  etc. — Yields  water,  but  only  at  a  high  temperature.  B.B.  whitens,  ami  fuw 
with  (lifflciilty  on  the  edges.  The  ladiated  varieties  exfoliate  in  fan-like  forms,  swellifij 
up  to  many  times  the  original  volume  of  the  assay.  Heated  and  moistened  with  c^biS 
soluiion  gives  a  deep  blue  color  (alumina).  Partially  decomposed  by  sulphuric  acid,  i-l 
t'ompleiely  on  fusion  with  alkaline  carbonates.  ' 
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Diff. — Basembles  some  talc,  but  distinguiahed  by  the  reaction  for  alumina  with  cobalt 
utioii. 

Obs. — Compact  pyrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foli- 
;(l  vHi-iety  is  often  the  jrangue  of  cyanite.  Occurs  in  the  Ural;  at  We8tau&,  Sweden; 
ar  Otlrez,  Luxembourg;  Ouro  Preto,  Brazil. 

Also  in  white  stellate  aggregations  in  CottoQStone  Mtn.,  Mecklenburg  Co.,  N.  C  ;  in 
lesterfield  Dist..  8.  C,  wiih  lazulite  and  cyanite;  in  Lincoln  Co.,  Ga.,  on  Graves  Mtn. 
le  compact  kind,  at  Deep  River,  N.  C,  is  extensively  used  for  making  slate-pencils  and 
icDibles  thu  so-called  aigalmatolite  or  pagodite  of  China,  often  us^  for  ornamental 
rvings. 

AULOPHANB. 

Amorphous.  In  incrustations,  usually  thin,  with  a  mammillary  surface, 
id  hyalite-like;  sometimes  stalactitic.      Occasionally  almost  pulverulent. 

Fracture  imperfectly  conchoidal  and  shining,  to  earthy.  Very  brittle. 
,  =  3.  G.  =  r85-l'89.  Luster  vitreous  to  subresinous;  bright  and  waxy 
ternally.  Color  pale  sky-blue,  sometimes  greenish  to  deep  green,  brown. 
How  or  colorless.     Streak  uncolored.     Translucent. 

Com  p.— Hydrous  aluminium  silicate,  Al,SiO^-f-  5H,0  =  Silica  23*8,  alumina 
)•.),  water  35*7  =  100.  Some  analyses  give  6  equivalents  of  water  =  Silica 
J-2,  alumina  37*8,  water  400  =  100. 

Impurities  are  often  preseiil.  The  coloring  matter  of  (he  blue  variety  is  due  to  traces 
chrvsocolla,  and  substancealintei'mediate  between  allophane  and  chrysocolla  (miztuies) 
e  not  uncommon.  The  green  variety  is  colored  by  malachite,  and  the  >'ellowish  und 
own  by  iron. 

Pyr..  etc.— Yields  much  water  in  the  closed  tube.  B.B.  crumbles  but  is  infusible. 
ives  a  blue  color  with  cobalt  solution.     Gelatinizes  with  hydrochloric  acid. 

Obs. — Allophane  is  regtirded  as  a  result  of  the  decomposition  of  some  aluminous  silicate 
eldspar,  etc.);  and  it  often  occurs  incrusling  fissures  or  cavities  in  mines,  especially 
iose  of  copper  and  limonite,  and  even  in  beds  of  coid. 

Named  from  nAAo?.  oVier,  and  <paiye<TSai,  to  app&ar,  in  allusion  to  its  change  of 
^pearance  under  the  blowpipe. 

Collyrite.  2Al9Oa.SiO9.9HsO.  A  clay-like  mineral,  white,  with  a  glimmering  luster, 
reasy  feel,  and  adhering  to  tbe  tongue      Q.  =  2-2  15.     From  Ezquerra  in  the  Pyrenees. 

Schr6tterite.  SAUOs.dSiOs.SOHgO.  Resembles  allophane;  sometimes  like  gum  in 
i>pearance.  H.  =  3-3'5.  G.  =  1*95-205.  Color  pale  green  or  yellowish.  From  Dolliu- 
er  mountain,  near  Freienstein,  in  Btyria;  at  the  Falls  of  Little  River,  on  the  Sand  Mtn.. 
herokee  Co.,  Alabama. 

The  following  are  clay-like  minerals  or  mineral  substances:  Sinopite,  smectite,  catlinite. 

Cenosite.    H4Ca9(Y,Er)9CSi40,T.     Color  yellowish  brown.     From  HitterO,  Norway. 

Thaumasite.  CHSiOt.CaCOj  Ca804.15H90.  Massive,  compact,  crystalline.  Cleavage 
Mraces.  H.  =  8  5.  G.  =  1'877,  Color  white.  Occurs  filling  cavities  and  crevices  at 
le  Bjelke  mine,  near  Areskula,  Jemtlaud,  Sweden:  at  first  soft,  but  hardens  on  exposure 
)  tiie  air.     Also  in  fibrous  crystalline  masses  at  Paterson,  N.  J. 

Uranophane  Uranotil.  CaO  2UOs.2Si09  4- 6H9O.  In  radiated  aggregations;  mus- 
ive,  fibrous.  G.  =  3'81-3"90  Color  yellow.  From  the  granite  of  Kupferberg,  Silesia. 
Tnuwiil  occurs  at  WOlsendorf,  Bavaria;  Mitchell  Co.,  N.  C. 


OHRTSOOOLIiA. 

Cryptocrystalline;  often  opal-like  or  enamel-like  in  texture;  earthy.  In- 
rusting  or  filling  seams.     Sometimes  botryoidal. 

Fracture  conchoidal.  Rather  sectile;  translucent  varieties  brittle.  H.  = 
M.  G.  =  2r-2  238.  Luster  vitreous,  shining,  earthy.  Color  mountain- 
p-een,  bluish  green,  passing  into  sky-blue  and  turquois-blue;  brown  to  black 
?hen  impure.     Streak,  when  pure,  white.     Translucent  to  opaque. 

Comp. — True  chrvsocolla  appears  to  correspond  to  CuSiO,+  2H,0  =  Silica 
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34*3,  copper  oxide  45*2,  water  20*5  =  100,  the  water  being  double  that  of 
dioptase. 

Composition  ▼aries  much  tlirough  impuities;  free  silica,  also  alumina,  black  oxide  of 
copper,  oxide  of  iron  (or  Hmonite)  and  oxide  of  manganese  may  be  present;  the  color  cdn- 
seqiiently  varies  from  bluish  green  to  brown  and  black. 

Pjr  ,  •to.— In  the  closed  tube  blackens  and  yields  water.  B.B.  decrepitates,  colors  t)jt 
flame  emerald-ereen,  but  is  infusible.  With  the  fluxes  giyes  the  reactions  for  cop|ier 
With  soda  ana  charcoal  a  globule  of  metallic  copper.  Decomposed  by  acids  wiibou: 
gelatinization. 

Obs  — Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  vc*ir> 
Found  iu  copper  mines  in  Cornwall;  Hungary;  Siberia;  Saxony:  South  Australia;  Cliiii. 
etc. 

In  the  U.  S.,  similarly  at  the  Schuyler's  mines,  New  Jersey;  at  Morgantown,  Pa.;  at  the 
Clifton  mines,  Graham  Co..  Arizona;  Emma  mine,  Utah. 

Chry§oeoUa  is  from  x9^<^oi,  gold,  and  x'oAAa,  fflue^  and 'was  the  name  of  a  material  us^-il 
in  soldering  gold.    The  name  is  often  applied  now  to  borax,  which  is  so  employed. 

OHIX>ROPAI.. 

Compact  massiye,  with  an  opal-like  appearance;  earthy, 
H.  =  2'5-4*5.     G.  =  1'727-1'870,  earthy  varieties,  the  second  a  conclioidal 
specimen;  2105,  Ceylon,  Thomson.     Color  greenish  yellow  and   pistachi- 
green.  Opaque  to  sabtranslucent.   Fragile.   Fracture  conchoidal  and  splintery 
to  earthy.    Feebly  adhering  to  the  tongue,  and  meager  to  the  touch. 

Vax.—Chloropal  has  the  above-mentioned  characters,  and  was  named  from  the  HuDg^- 
rian  mineml  occurring  at  Uughwar. 

Nontroniie  is  pale  straw-yellow  or  canary-yellow,  and  greenish,  with  an  unctuous  fet". : 
flattens  and  srows  lumpy  under  the  ])e8tle.  and  is  polished  by  friction;  from  Noutrou. 
Dept.  of  Doruogne.  France.  Pinguite  is  siskin-  nnd  oil-green,  extremely  soft,  like  new. 
made  soap,  with  a  slightly  resinous  luster,  not  adhering  to  the  tongue:  from  Wolkenst*  i . 
in  Saxony.  OraminiU  has  a  grass-green  color  (whence  the  name),  and  occurs  at  3Ienz<  c- 
berg.  in  the  Siebengebirge.  in  thin  fibrous  seams,  or  as  delicate  lamellae. 

Gomp. — A  hyd rated  silicate  of  ferric  iron,  perhaps  with  the  general  forninli 
H,Fe,(SiO  J.  +  2H,0  or  Fe,0,.3SiO,.5n,0  =  Silica  41-9,  iron  sesquioxide  :3:-:. 
water  20-9  =  100.     Alumina  is  present  in  some  varieties. 

The  water  and  silica  both  vary  much.  The  Hungarian  chloropal  occurs  mixed  with 
opal,  and  firraduates  into  it,  and  this  accounts  for  the  hi  eh  silica  of  some  of  its  analyses. 

Obs. — Localities  mentioned  above  Chloropal  occurs  also  at  Meenser  Steinberg  near 
GOttiniren;  pinguite  at  Sternberg,  Moravia.  On  Lehigh  Mt..  Pa.,  south  of  Allen  town, 
occurs  in  connection  with  iron  dep.)sits. 

UcEFERiTE.     An  iron  silicate  near  chloropal.    Color  green.    From  Kfilz,  Bohemia. 

Hisingerite.  A  hydrated  ferric  silicate,  of  uncertain  composition.  Amorphous,  com- 
pact. Fracture  conchoidal.  H.  =  8.  G.  =  2-5-30.  Luster  frreasy.  Color  black  to  brown- 
ish black.  Streak  yellowish  brown.  From  Riddarhyttan,  Tunaberg.  Sweden;  L&ngbac« 
etc.,  Norway. 


The  following  are  hydrous  manganese  silicates. 

Bementite.  Approximately  2MnSi08.H,0.  In  soft  radiate  masses  resembling?  pvro 
phyllire.  G.  =2*981.  Color  pale  grayish  yellow.  From  the  zinc  mines  of  Franklin  Fur- 
nace. N.  J. 

Caryopilite.  Approximately  4Mn0.8SiOs.8H,0.  In  stalactitic  and  reniform  shapes. 
G.  =  2-88-2'91.     Color  brown.     From  the  Harstig  mine  near  Pajsberg,  Sweden. 

Neotocite.  A  hydrated  silicate  of  manganese  and  iron,  of  doubtful  composition,  usu- 
ally derived  from  the  alteration  of  rhodonite.  Amorphous  Color  black  to  dark  brown 
and  liver-brown. 
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TITANO-SIIJCATES,  TITANATES. 

This  section  includes  the  common  calcium  titano-silicate^  Titanite;  also  a 
number  of  silicates  which  contain  titanium,  but  whose  relations  are  not  alto- 
gether clear:  further  the  titunate,  Perovskite,  and  niobo-titanate,  Dysanalyte> 
which  is  intermediate  between  Perovskite  and  the  species  Pyrochlore,  Micro- 
lite,  Koppite  of  the  following  chapter. 

lu  geueral  the  part  played  by  titauium  in  the  maDy  silicates  in  which  it  enters  is  uiore 
or  less  uucertain.  It  is  probably  iu  most  cases,  us  shown  in  the  preceding  pages,  to  be  taken 
as  replacing  the  silicon;  in  others,  however,  it  seems  to  play  the  part  of  a  basic  element;  iu 
scliorlomite  (p.  419)  it  may  enter  in  both  relations. 


TITANITB.     Sphene. 

Monoclinic. 

Axes  i 

mm 

r,  110  A  110  = 

66° 

2y. 

ex. 

001  A  102  = 

21" 

0'. 

«', 

021  A  OSl  = 

112" 

y. 

«/i' 

,      111  A  111  = 

48*^ 

49'. 

li\ 

112  A  112  = 

46'' 

7V 

Cfiy 

001  A  111  = 

88" 

16'. 

em, 

001  A  110  = 

65** 

SC. 

cl. 

001  A  112  = 

40° 

84'. 

6  =  0  7547  :  1  :  0-8543  ;  /?  =  60° 
916. 


17'. 
918. 


Twins:  tw.  pi.  a  rath- 
er common,  both  contact- 
twins  and  cruciform  pen- 
etration-twins. Crystals 
very  varied  in  habit  ; 
often  wedge-shaped  and 
flattened  ||  c;  also  pris- 
matic. Sometimes  mas- 
sive, compact;  rarely 
lamellar. 

Cleavage:  m  rather  distinct ;  a,  I  (Il2)  imperfect;  in  greenovite,  n  (111) 
easy,  t  (111)   less  so  (Dx.).     Parting  often  easy  I  rf  (231)  due  to  twinning 


920. 


921. 


922. 


923. 


lamellae.  H.  =  5-5*5.  G.  -3'4-3'56;  3'541  Chester,  Pirsson.  Luster  ada* 
man  tine  to  resinous.  Color  brown,  gray,  yellow,  green,  rose-red  and  black. 
Streak  white,  slightly  reddish  in  greenovite.    Transparent  to  opaque. 


486  DESCRIPTIVE  MINEBALOGY.^ 

Pleocliroism  in  genenil  rather  feeble,  but  distinct  in  deep-colored  kiiuL. 
c,  red  with  tinge  of  yellow;  b,  yellow,  often  greenish;  a,  nearly  colorless.  Opii- 
oally  +.  Ax.  pi.  ||  k  Bx  nearly  ±  x  (102),  i.e.,  Bx  A  ^  =  +  SI''.  Dispersion 
p  >  V  very  large,  and  hence  the  peculiarity  of  the  axial  interference-figure  ii. 
white  light.  Axial  angles  variable.  2Er=  50''  to  OO"*.  fij  =  l-b94.  Lire- 
fringence  high,  ;/  —  a  =  0'121. 

Vbx.— Ordinary,  (a)  Tiianite ;  browD  to  black,  the  original  being  thus  colored.  als<' 
opaque  or  subtransluceot.  (O)  Sphene  (uamed  from  <T<f>/fv,  a  wedge)-,  of  liglit  sbntlcs  a< 
yellow,  greenish,  etc..  and  often  translucent;  the  original  was  yellow.  Liguriie\%  an  applt^ 
green  spbene.  SpinVtere  (ur  ISemeline)  a  greenish  kind.  Lederiie  is  brown,  opaque,  or  hui*- 
tnmsluceut,  of  the  form  in  Fig.  916. 

Titauomorphite  is  a  white  mostly  granular  alteration-product  of  rutile  and  ilmenite  do'. 
uncommon  in  (erlai  a  crystal  line  rocks;  liere  also  belongs  most  leucoxene  (see  p.  387). 

Ma/iganetfUiit;  Oreenotiie.  Red  or  rose* colored,  owing  to  the  presence  of  a  little  man- 
ganese; from  St.  Marcel. 

Containittg  yttrium  or  cerium.     Here  belong  grotbite,  alshedite,  eucolite-titanite. 

Comp.— CaTiSiO,  or  CaO.TiO,.SiO,  =  Silica  306,  titanium  dioxide  40  i?, 
ime  28'6  =  100.  Iron  is  present  in  varying  amounts,  sometimes  manganese 
and  also  yttrium  in  some  kinds. 

Pyr.,  etc.— B.B.  some  varieties  change  color,  becoming  yellow,  and  fuse  at  3  with  intu- 
mescence, to  ft  yellow,  brown  or  black  glass.  With  borax  they  afford  a  clear  yel]owi>li- 
green  glass.  Imperfectly  soluble  in  heated  hydrochloric  acid  ;  and  if  the  solution  l)e  c<  n- 
centrated  alon?  with  tin.  it  becomes  of  a  tine  violet  color.  With  salt  of  phosphorus  in  R.F. 
gives  a  violet  bead  ;  varieties  containing  much  iron  require  to  be  treated  wiih  the  flux  oo 
charcoal  with  metallic  tin.     Completely  decomposed  by  sulphuric  and  hydrofluoric  acids. 

Diff.— Characterized  by  its  oblique  crystallization,  a  wedge>shaped  form  common  ;  bv 
resinous  (or  adamantine)  luster  ;  hardness  less  tlmn  that  of  stauroihe  and  greater  than  that  c'f 
sphalerite.  The  reaction  for  titanium  is  distinctive,  but  less  so  in  varieties  contninii  c 
much  iron. 

Distinguished  in  thin  sections  by  its  acute-angled  form,  often  lozenge-shaped  ;  its  ^c  n- 
erally  pale  brown  tone ;  very  high  relief  and  remarkable  birefringence,  causing  ihe  stMii'  n 
to  show  white  of  the  higher  order;  by  its  biaxial  character  (showing  many  lemniscatt 
curves);  and  by  its  great  dispersion,  which  produces  colored  hyperbolas. 

Obs. — Tiianite,  as  an  accessory  component,  is  widespread  as  a  rock  forming  minenil. 
though  confined  mostly  to  the  acidic  feldspathic  igneous  rocks ;  it  is  much  more  cominor 
in  the  plutonic  granular  types  than  in  the  volcanic  forms.  Thus  it  is  found  in  the  more 
basic  hornblende  granites,  syenites,  and  diorites,  and  is  especially  common  and  clmmcter- 
istlc  in  the  nephelite-syenites.  It  (^ccura  also  in  the  metamorphic  rocks  and  especially  in 
the  schist.s.  gneisses,  etc..  rich  in  magnesia  and  iron  and  in  certain  granular  limestones/  It 
Is  also  found  in  beds  of  iron  ore  ;  commonly  a^^sociated  minerals  are  pyroxene,  amphibole. 
chlorite,  scapolite,  zircon,  apatite,  etc.  In  oivities  in  gneiss  and  granite,  it  often  accom- 
panies adularia,  smoky  quartz,  apatite,  chlorite,  etc. 

Occurs  at  various  points  in  the  Orisons,  Switzerland,  associated  with  feldspar  and 
chlorite;  Tavetsch;  in  tlie  St.  Oothard  region;  Zermatl  in  the  Valnis;  Jldadeiautrthtil  in 
Uri;  also  elsewlu're  in  the  Alps;  in  Dauphine  (sj)inthh'e)\  at  Ala,  Piedmont  {liguriU):  «t 
St.  Marcel,  in  Piedmont;  at  SchwHrzeuslein  and  Rothenkopf  in  the  Zillertha*.  Pfiijj<h. 
Tyrol;  Z6piau,  Moravia;  near  Tavistock;  near  Tremadoc,  in  North  Whales;  in  titanic  iron 
at  Arendnl,  in  Norway;  with  mngnetite  at  Nordmark,  Sweden;  Achmalovsk,  Ural.  Occa- 
sionally found  among  volcanic  rocks,  as  at  Lake  Laach  (umeline)  and  at  Anderuach  on  the 
Rhine. 

In  Maine,  in  fine  crystals  at  Sandford.  In  Mass.,  in  gneiss,  in  the  east  part  of  Lee:  at 
Bolton  with  pyroxene  and  scapolite  in  limestone.  In  N.  York,  at  Roger's  Rock  on  Lake 
•Oeorge.  abundant  in  small  brown  crystals:  at  Gouverneur,  in  black  crystnls  in  granular 
limestone;  in  Diana  near  Natural  Bridge.  Lewis  Co  ,  in  large  dark  brown  crystals,  among 
which  is  the  variety  ledfrite ;  at  Rossie,  Fine,  Pitcairn,  St.  Lawrence  Co.;  in  Orange  C-  . 
in  limestone;  near  Edenville,  in  light  brown  crystals  in  limestone ;  at  Brewster,  at  the 
Tilly  Foster  iron  mine.  In  N.  Jersey,  at  Franklin  Furnace,  honev-yellow.  In  Penn  . 
Bucks  Co.,  three  miles  west  of  Attleboro',  associated  with  woUastonite  and  graphite.  In 
N.  Carolina,  at  Statesville,  Iredell  Co.,  yellowish  white  with  sunstone;  also  Buncombe  Co.. 
Alexander  Co.,  and  other  points. 
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Occurs  iu  Cfifiada,  atGrenville.  Argenteuil  Co.;  also  Buckiugham,  Templeton,  Wake- 
leld,  Hull,  Ottawa  Co.;  at  N.  Burgess,  houey-yellow;  ueur  Eganville,  Renfrew  Co., 
[>utario.  io  very  large  dark  brown  crystals  with  apatite,  ampbibole,  zircon. 

Keilhanite.  A  litano-silicate  of  calcium,  aluminium,  ferric  iron,  and  the  yttrium 
nemls  Crystals  near  titanite  in  habit  and  angles.  H.  =  6'6.  G.  =  8*52-3*77.  Color 
:)rt>wiiish  black.    From  near  Areudal,  Norway. 

Giiariiiite.  CaTiSiO»,  as  for  titanite.  In  minute  thin  tables,  flattened  |  b  (010),  nearly 
elragoual  iu  form.  H.  =6.  G.  =  8-487.  Color  sulphur-yellow,  boney-yellov.  Found 
u  a  grayish  trachyte  on  Monte  Somma. 

Tschefikinite.  A  titano-silicate  of  the  cerium  metals,  iron,  etc.,  but  an  alteration- 
product,  more  oi  less  heterogeneous,  and  the  composition  of  the  original  mineral  is  very 
jncertain.  Massive,  amorphous.  H.  =  5-5*5.  G.  =:  4'508-4'549.  Color  velvet-black. 
tVom  the  Ilmen  mountains  in  the  Ural.  Also  from  8.  India,  probably  Kanjamalai  Hill, 
Valero  distr.  An  isolated  mass  weighing  20  lbs.  has  been  found  on  Hat  Creek,  near  Mas- 
iie's  Mills,  Nelson  Co  ,  Virginia;  also  found,  south  of  this  point,  in  Bedford  Co. 

Astrophyllite.  Probably  R4R4Ti(Si04)4  with  R  =  H,  Na.  K,  and  R  =  Fe,  Mn  chiefly, 
ncluding  also  FetOi.  In  elongated  crystals;  also  in  thin  strips  or  blades;  sometimes  in 
itellate  groups.  Cleavage:  5  perfect  like  mica,  but  laminae  brittle.  H.  =8.  G.  =  8  8-8*4. 
Luster  submetallic,  pearly.    Color  bronze-yellow  to  gold-yellow. 

Occurs  on  the  small  islands  in  the  Langesund  fiord,  near  Brevik,  Norway,  in  eleeolite- 
iyeniie.  embedded  in  feldspar,  with  catapleiite,  segirite,  black  mica,  etc.  Similarly  at 
KanG:erdluarsuk,  Greenland.  Also  with  arfvedsonite  and  zircon  at  St.  Peter's  Dome, 
Pike's  Peak,  El  Paso  Co.,  Colo. 

Johnstrnpite.  A  silicate  of  the  cerium  metals,  calcium  and  sodium  chiefly,  with 
titanium  and  fluorine.    In  prismatic  crystals.     G.  =  8*29.    From  near  Barkevik,  Norway. 

Mosandrite.     Near  Johnstrupite  in  form  and  composition  and  from  the  same  region. 

Rinkite,  also  near  johnstrupite.  is  from  Greenland. 

Neptunite.  A  titano-silicate  of  iron  (manganese)  and  the  alkali  metals.  In  prismatio 
nouoclinic  crystals.    H.  =  5-^.    G.  =  8*28.    Color  black.    Southern  Greenland. 


PBROVSKmi.    Perofskite. 

Isometric  or  pseudo-isometric.  Crystals  in  general  (Ural,  Zermatt)  cnbio 
in  habit  and  often  highly  modified,  but  the  faces  often  irregularly  distributed. 
Cubic  faces  striated  parallel  to  the  ed^es  and  appai'ently  penetration-twins,  as 
if  of  pyritohedral  inaividaals.      Also  in  reniform  masses  showing  small  cubes. 

Cleayage  :  cubic,  rather  perfect.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  6*5.  G.  =  4017-4*039  Zermatt.  Luster  adamantine  to  metal- 
lic-adamantine. Color  pale  yellow,  honey-yellow,  orange-yellor,  reddish 
brown,  grayish  black.  Streak  colorless,  grayish.  Transparent  to  opaque. 
Usually  exhibits  anomalous  double  refraction. 

Geometrically  considered,  perovskite  conforms  to  the  isometric  system;  optically,  how- 
;vcT,  it  is  uniformly  biaxial  and  usually  positive.  The  molecular  structure  (also  as  devel- 
:)pe(i  by  etching.  Baumhauer)  seems  to  correspond  to  orthorhombic  symmetry.   Cf.  Art.  411. 

Comp. — Calcium  titanate,  CaTiO,  =  Titanium  dioxide  58*9,  lime  41*1  = 
100.     Iron  is  present  in  small  amount  replacing  the  calcium. 

Pyr.,  etc. — In  the  forceps  and  on  charcoal  infusible.  With  salt  of  phosphorus  in  OP. 
lifjsolves  easily,  giving  a  greenish  bead  while  hot,  which  becomes  colorless  on  cooling; 
in  K.F.  the  betid  changes  to  grayish  green,  and  on  cooling  assumes  a  violet-blue  color, 
t^ntlrely  decomposed  by  boiling  sulphuric  acid. 

Obs. — Occurs  in  small  crystals,  nssocinted  with  chlorite,  nnd  magnetic  iron  in  chlorite 
•:ate.  at  Achmatovsk,  near  Zlatoust,  in  the  Ural;  at  Schelingcn  in  the  Kaiserstuhl,  in  granular 
imeslone;  in  the  valley  of  Zermatt,  near  the  Findelen  glacier;  at  Wildkreuzjoch,  between 
Piit-s<;h  and  Pfunders  in  Tyrol.  Sometimes  noted  in  microscopic  octahedral  crystals  as  a 
rock  constituent;  thus  in  nephelite-  and  melilite- basalts;  also  in  serpentine  (altered  perido- 
Lite)  at  Syracuse,  K  Y. 
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Knopite.  Near  perovskite  but  cou tains  cerium.  In  black  isometric  crystiils.  Fr<  m 
AIdO,  SwedeD. 

Dysanalyte.  A  titauo-niobate  of  calcium  and  iron.  In  cubic  crystals.  Froii!  .be 
l^ranulur  limestone  of  Vogtsburg,  Kuisersiublgebirge,  Baden.  Has  previously  beeucit^^ 
perovskite,  but  is  in  fact  intermediate  between  tbe  titanute,  perovskite,  and  ibe  uiobrnt^, 
pyrocblore  and  koppite. 

A  related  mineral,  which  has  also  long  passed  as  perovskite,  occurs  wiib  mafrni  ie, 
brookite,  rutile,  etc. ,  at  Magnet  Cove,  Arkansas.  It  is  in  octahedrons  or  cubo-ociabetiruiiS, 
black  or  brownish  black  in  color  and  submetallic  in  luster. 

Bee  also  the  allied  titanate,  biibyite,  mentioned  on  p.  843. 

0«ikieHto.  Magnesium  titanate,  MgTlOt.  Massive,  as  rolled  pebbles.  H.  =«. 
G.  =  4.    Color  blufih  or  brownish  black.    From  Ceylon. 
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Oxygen  Salts. 
8.   NIOBATES,  TANTALATES. 

The  Niobates  (Oolambates)  and  Tantalates  are  chiefly  salts  of  metaniobio 
and  metatantalic  acid,  ENb,0,  and  ETa,0,;  al8oinpartPYroniobate8,R,Nb,0„ 
Btc.  Titanium  is  prominent  in  a  number  of  the  sj>ecies,  which  are  hence  inter* 
mediate  between  tne  niobates  and  titanates.  Niobium  and  tantalum  also  enter 
into  the  composition  of  a  few  rare  silicates,  as  wohlerite,  layenite^  etc. 

The  following  groups  may  be  mentioned : 

The  isometric  Pybochlobb  Group,  including  pyrochlore,  microlite,  eto 
The  tetragonal  Fergusonitb  Group,  including  fergusonite  and  sipylite 
The  orthorhombic  Golumbitb  Group,  including  columbite  and  tantalita 
^Iso  the  orthorhombic  Samarskite  Group,  including  yttrotantalite,  samarsk 
ite^  and  annerodite. 

The  species  belong^ing  in  this  class  are  for  the  most  part  rare^  and  are 
hence  but  briefly  described. 

PTROOHLORB. 

Isometric.    Commonly  in  octahedrons;  also  in  grains. 

Cleavage:  octahedral,  sometimes  distinct.  Fracture  conchoidal.  Brittle. 
H.  =  5-5*5.  G.  =  4-2-4*36.  Luster  vitreous  or  resinous,  the  latter  on  fracture 
mrfaces.  Color  brown,  dark  reddish  or  blackish  brown.  Streak  light  brown, 
jrellowish  brown.    Subtranslucent  to  opaque. 

Comp.— Chiefly  a  niobate  of  the  cerium  metals,  calcium  and  other  bases, 
^ith  also  titanium,  thorium,  fluorine.  Probably  essentially  a  metaniobate 
¥ith  a  titanate,  BNb,0,.R(Ti,Th)0,;  fluorine  is  also  present. 

The  following  are  analyses  by  Rammelsberg : 


G. 

Nb,0. 

TiO, 

ThO, 

Ce,0, 

OaO 

FeO 

MgO   NaO,      P 
022      501        — 

^(iask 

4-859 

1  58-19 

10-47 

7-66 

7-00 

14-21 

1-84 

^^redriksvftrn 

4-228 

4718 

18-52 

"— 

7-80 

15-94 

1008 

0-19      812     2-90 
[ign.  1-89  =  101-52 

Obs.— Occurs  in  elieolite-Byenite  at  Fredriksvftm  and  Laurvik.  Norway;  on  the  island 
l.oyO.  opposite  Brevik,  and  at  several  points  in  the  Langesund  flord;  near  Miask  in  the  Ural. 
Earned  from  xvp,  fre,  and  ;t^oopo?,  green,  because  B.B.  it  becomes  yellowish  green. 

Koppite.  Essentially  a  pyroniobate  of  cerium,  calcium,  etc.,  near  pyrocblore.  In 
ninute  brown  dodecahedrons.  G.  =  4 '45-4 '56.  From  Schelingen,  Kaiserstuhl,  embedded 
n  limestone. 

Hatchettolite.  A  tantalo-niobate  of  uranium,  near  pyrochlore.  In  octahedrons  with 
( (100)  and  m  (811).  G.  =  4-77-4*90.  Color  yellowish  brown.  Occurs  with  samarskite, 
it  the  mica  mines  of  Mitchell  Co.,  North  Carolina. 

Microlite.  Essentially  a  calcium  pyrotantalate,  CasTaiOi.  but  containing  also  nio- 
)iuni,  fluorine  and  a  variety  of  bases  in  small  amount.  Isometric.  Habit  octahedral ; 
crystals  often  very  small  and  highly  modified  (Fig.  109.  p.  40).  H.  =  5  5.  G.  =5'485- 
r562;  618  Virginia.  Color  pale  yellow  to  brown,  rarely  hyacinth-red.  From  Chesterfield, 
^ass..  in  albite;  Branchville,  Conn.;  UtO.  Sweden.  Also  in  fine  crystals  up  to  1  in.  in 
Hameter  at  the  mica  mines  at  Amelia  Court-House,  Amelia  Co.,  Va. 
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'  Ptrkhitb.  Probablj  a  niobate  related  to  pyroclilore,  and  perhaps  identical  with 
micro!  ite.  Occurs  iu  minute  orange-yellow  octahedrons.  From  Alabashka,  near  Mursinkt 
in  the  Ural. 


FERGUSONITB.    Tyrite.    Bragite. 

Tetragonal-pyramidal.  Axis  6  =  1'4643.  CrystalB  pyramidal  or  prismatic 
in  habit. 

Cleavage:  8  (111)  in  traces.  Fracture  subconchoidal.  Brittle.  H.  =  5*5-6. 
0.=  5*8,  diminishing  to  4*3  when  largely  hydrated.  Luster  externally  dull, 
on  the  fracture  brilliantly  vitreous  and  submetallic.  Color  brownish  black; 
in  thin  scales  pale  liver-brown.    Streak  pale  brown.    Subtranslucent  to  opaque. 

Comp. — Essentially  a  metaniobate  (and  tantalate)  of  yttrium  with  erbium. 
cerium,  uranium,  etc.,  in  varying  amounts;   also  iron,  calcium,  eta     General 

formula  B(Nb,Ta)0,  with^  =  Y,Er,Ce. 

Water  is  usually  present  and  sometimes  in  considerable  amount,  but  probably  not  sn 
original  constitueut;  the  specific  gravity  falls  as  the  amount  increases.  Analyses  by  Ram- 
melsberg: 

G.     Nb,0.  Ta,0»  UO.   WO.  BnO,  Y,0,  Er,0,  Ce.O,  FeO  CaO  H,<  i 
Greenland.  J?5jr^.  5-577    4446      680    258   015   047   2487   981    7-68»  0  74   061    1 4y 

[=  9310 

Ytterly,  yw.         4-774    2814    2704    213     —      —     24*45   8*26      —     072   417   5 


•  Incl.  5*68  Di,0»,LatO,. 


[=  looi);; 


Obs. — From  Cape  Farewell  in  Greenland,  in  quartz;  also  at  Ttterbv,  Sweden,  and 
K&rarf vet.  Tyrite  is  associated  with  euxenlte  Ht  Hampemyr  on  the  islana  of  Trom5.  nod 
Helle  on  the  main  laud;  bragite  is  from  Helle,  Karest?),  etc.,  Norway. 

Found  in  the  U.  8.,  at  Rockport,  Mass.,  in  granite;  in  the  Bnndletown  gold  district, 
Burke  Co.,  N.  C,  in  ffold  washings;  with  zircon  in  Anderson  Co.,  S.  Carolina;  at  the 
gadolinite  locality  in  Llano  Co.,  Texas,  in  considerable  quantity. 

Sipylite.  A  niobate  of  erbium  chiefly,  also  the  cerium  metals,  etc.,  near  fergusonite 
In  form.  Rarely  in  octahedral  crystals.  Usually  in  irregular  masses.  G.  =  4*89.  Coior 
brownish  black  to  brownish  orange.  Occurs  sparingly  with  allanite  in  Amherst  Co., 
Virginia. 


OOLUBABrrB-TANTAUTXI. 

Orthorhombic.     Axes  &:li6^  0-8285  : 1  :  0*8898. 

yy*,   210  A  210  =  45'  0'.      ee,      001  A  021  =  60°  40'. 

mm"',  110  A  110  =  79'  IT.      ao,      100  a  111  =  Sr  16'. 

gsf,      130  A  ISO  =  48"  50'.      cu,      001  A  188  =  48*  48'. 

ek,       001  A  103  =  19''  42'.  uu\    138  A  138  =  29*'  57'. 

eg,        001  A  023  =  80'  41'.  «v"'.  138  A  l53  =  79"  54'. 

Twins:  tw.  pi.  e  (021)  common,  nsiially  contact-twins,  heart-shaped  (Vm. 
347,  p.  118),  also  penetration-twins;  further  tw.  pi.  q  (053)  rare  (Pi^.  404.  p. 
281).  Crystals  short  prismatic,  often  rectansrular  prisms  with  the  pinacoids. 
a  he,  prominent;  also  thin  tabular  ||  a\  the  pyramids  often  but  8li<Thtlr 
deyeloped,  sometimes,  however,  acutely  terminated  by  u  (133)  alone.  Also  in 
large  groups  of  parallel  crystals,  nnd  massive. 

Cleavftgre:  a  rather  distinct:  h  less  so.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  6.  G.  =  5-3-TJ^,  varvinflf  with  the  composition  (see  below), 
liuster  submetallic,  often  very  brilliant,  snb-resinous.    Color  iron-black,  Ravish 
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and  brownish  black,  opaque;  rarely  reddish  browu  and  translucent ;  frequently 
iridescent.    Streak  dark  red  to  black. 


924. 


926. 


»  926. 


.4^^  <(r\, 


y    »    J 


dn)  b 


MiddletowD. 


Black  Hills. 


QzeenlaDd. 


Coiiip.,Tar. — Niobate  and  tantalateof  iron  and  manganese,  (Fe,Mn)(Nb/ra),0., 
passing  by  insensible  gradations  from  normal  Oolumbite,  the  nearly  pure 
niobate,  to  normal  Tantalitb,  the  nearly  pure  tantalate.  The  iron  and  man- 
ganese also  vary  widely.  Tin  and  wolfram  are  present  in  small  amount.  The 
percentage  composition  for  FeNb  0,  =  Niobium  pentozide  82"7,  iron  protoxide 
17-3  =  100;  forTeTa,0,  =  Tantalum  pentoiide  861,  iron  protoxide  13*9  =  100 

Id  some  varieties,  manganoeoluinbiU  or  manganotantalite,  the  iron  is  largely  replaced  by 
manganese. 

The  connection  between  the  specific  gravity  and  the  percentage  of  metallic  acids  is  shown 
in  the  following  table : 


G. 

Ta.0. 

G. 

Ta,0. 

Greenland 

6-86 

8-3 

Bodenmais 

6-93 

271 

Acworth,  N.  H. 

6-65 

15-8 

Haddam 

6*05 

80-4 

Limoges 

5-70 

18-8 

Bodenmais 

6-06 

85-4 

Bodenmals  {DianiU) 

5-74 

18-4 

Haddam 

618 

81-5 

Haddam 

5*85 

100 

Tanialita 


708 


65-6 


Diff. ~ Distinguished  (from  black  tourmaline,  etc.)  by  orthorhombic  crystallization , 
rectangular  forms  common;  high  specific  ffravity;  submetallic  luster,  often  with  iridescent 
surface;  cleavage  much  less  distinct  than  lor  wolframite. 

P3rr. ,  etc.— For  tantalite.B.B.  alone  unaltered.  With  salt  of  phosphorus  dissolves  slowly, 
giving  an  iron  glnss,  which  in  R.F.  is  pale  yellow  on  cooling;  treated  with  tin  on  chnrcoal 
it  becomes  green.  Decomposed  on  fusion  with  potassium  bisulpbate  in  the  platinum  spoor, 
and  gives  on  treatment  with  dilute  hydrochloric  acid  a  3'ellow  solution  and  a  heavy  whi  n 
powder,  which,  on  addition  of  metallic  zinc,  assumes  a  smalt-blue  color;  on  dilution  with 
water  the  blue  color  soon  disappears.  Columbiie,  when  decomposed  by  fusion  with  caustic 
potash,  and  treated  with  hydrochloric  and  sulphuric  acids,  gives,  on  the  addition  of  zinc,  a 
blue  color  more  lasting  than  with  tnntalite.  Partially  decomposed  when  the  powdered 
mineral  is  evaporated  to  dryness  with  concentrnted  sulphuric  acid,  its  color  is  changed  to 
white,  litrht  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it 
gives  a  beautiful  blue. 

Obs  — Columbite  occurs  at  Rnbenstein  and  Bodenmais.  Bftvaria.  in  granite;  Tammela. 
in  Finland;  Chanteloube.  near  Limoges,  in  pecmatite  with  tantalite;  near  Miask.  in  the 
Ilmen  Mts.,  with  samarskite;  in  the  eold-washings  of  the  Sanarka  region  in  the  Ural:  in 
Greenland,  in  cryolite,  at  Ivigtut  (or  EvigtokV  in  brilliant  crystals.  i 

in  the  United  States,  in  Maine,  at  Standish.  in  splendent  crystals  in  granite;  also  at 
Sioneham  with  cassiterite.  etc.  In  N.  Hnmpthire,  at  Acworth.  at  the  mica  mine  In 
Mas9.,  at  Chesterfield;  Northfield.  Mass.  In  Connectievt,  ni  Haddam,  in  a  granite  vein; 
near  Middletown;  at  Branchville.  Fairfield  Co.,  in  a  vein  of  albitic  granite,  in  larcre  cryatMl* 
and  aggregates  of  crystals,  also  in  minute  translucent  crystals  {manganocolumltite^.  upon 
spoduraene.    In  N,  York,  at  Greenfield,  with  chrysoberyl.    In  Penn,,  Minenil  HI).  D«  la- 
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ware  Co.  In  Virginia,  Amelia  Co.,  in  fine  splendviit  cn'stnls  with  microlite.  mouazitc.  etc. 
In  N.  Carolina,  with  samarakite  at  the  mica  mines  of  Mitcliell  Co.  In  Colorado,  on  micro- 
(line  at  the  Pike's  Peak  region;  Turkey  Creek,  Jefferson  Co.  In  S.  Dakota,  in  the  Bhirk 
Hills  region,  common  in  the  granite  yeins.     In  California,  Kings  Creek  distr.,  Fresno  Co. 

Mangantantaliis  (NorclenskiOld)  from  Ut5,  Sweden,  occurs  with  pcisliie.  lepldoliie. 
microliie,  etc.  ManganoiatUaiiU  (Arzruni)  is  from  gold-washings  in  the  Sauarka  region  in 
the  Ural. 

Massive  tantalite  occurs  in  Finland,  in  Tammela,  at  HftrkOsaari  nearTorro;  in  Kimito.  at 
Skogb61e;  in  Somero  at  Kaidasuo,  and  in  Kuortane  at  Katialn,  with  lepidolite,  toiirmnline, 
and  beryl;  in  Sweden,  near  Falun,  at  Broddbo  and  Finbo;  in  France,  at  Chanteloube  near 
Limoges  in  pegmatite.  In  the  U.  S.,  in  Yancey  Co.,  N.  C;  Coosa  Co.,  Ala.;  also  in  ibe 
Black  Hills,  S.  Dakota. 

SkoobOlite  is  essentially  FeTatOc,  like  normal  tantalite,  but  occurs  in  prismatic  crystals 
of  different  angles;  the  prism  is  near  that  of  samarskite.  From  HftrkSsaari  in  Tammela, 
Finland;  also  from  Skogb51e  in  Kimito.  Ixiolitb,  from  SkogbOle,  is  a  niobo-tauulate  of 
iron  and  manganese;  also  containing  tin;  relations  doubtful. 

Tapiolite.  Fe(Ta,Nb)tO«.  Like  tantalite.  but  occurring  in  square  octahedrons. 
G.  =  7  496.    Color  pure  black.    From  the  Kulmala  farm,  Tammela,  Finland. 


df :  t :  (J  =  0-5412  :  1 :  1-1330.      Crystals  prismatic, 


YTTROTANTAUTB. 

Orthorhombic.     Axes 
mm'"  =  56^  50'. 

Cleavage:  b  very  indistinct.  Fracture  small  conchoidal.  H.  =  5-5*5. 
G.  =  5-5-5-9.  Luster  submetallic  to  vitreous  and  greasy.  Color  black,  brown, 
brownish  yellow,  straw-yellow.  Streak  gray  to  colorless.  Opaque  to  sub- 
translucent. 

Comp.—Essentially  RR,(Ta,Nb),0,.  +  4H,0,  with°E  =  Fe,  Ca,"]}  =  Y,  Er, 
Ce,  etc.    The  water  may  be  secondary.    Analysis  by  Rammelsberg: 

Ta,0.    Nb,0.  WO,    SnO,    Y,0.  Er,0.  Ce.O.    UO,    FeO     CaO     H,0 
Q.  =  5*425    I  46-25     12  82     2  86      112     10  52     6*71     2*22     1-61      8  80     5*78     6  31 

[=98  95 

The  so-called  yellow  yttrotantalite  of  Ytterby  and  K&rarfvet  belongs  to  ferguaonite. 
Oba.— Occurs  in  Sweden  at  Ytterby,  near  Yaxholm,  in  red  feldspar;  at  Finbo  and 
BroddbOi  near  Falun. 


SAMARSIOTB. 

^27  Orthorhombic.    Axes d  :l:i  =  0-5456  :  1 : 0-5178.  Crys- 

tals rectangular  prisms  {a,  b),  with  e  (101)  prominent. 
Angles,  mm"'  =  57^  14';  ee'  =  87°.  Faces  rough.  Com- 
monly  massive,  and  in  flattened  embedded  grains. 

Cleavage:  b  imperfect.  Fracture  conchoidal.  Brittle. 
H.  =  5-6.  6.  =  5 •6-5*8.  Luster  vitreous  to  resinous, 
splendent.  Color  velvet-black.  Streak  dark  reddish  brown. 
Nearly  opaque. 

Comp R,R.(Nb,Ta),0„  according  to  Bg.,  with  R  =  Fe. 

Ca,  UO,,  etc.;  R  =  cerium  and  yttrium  metals  chiefly. 
Analyses  by  Rammelsberg: 

O.        Ta,0»    Nh,05  8nO,.WO,    Un,  r»^,oj«  Y,0,    Er,0.  FeO  TfO, 

K.  Carolina  5-889     14-36    4107     0-16       1090  3:^7    6  10    10-80  14-61  0-5*  =  100  r. 

Miask            6-673  i  —      55-34     0  22       11-94  4  33    8-80      3-83  14-30  108   =    99^8 

■  Incl.  DJ,0,.Ln,n3  »•  Incl.  SiO,. 


NI0BATE8,  TASTALATES. 


4U$ 


F3rr.,  etc.— In  the  closed  tube  decrepitates,  glows,  cracks  open,  aud  turns  black.  B.B. 
fuses  on  the  edges  to  a  black  fflass.  With  salt  of  phosphorus  iu  boih  flames  uu  euieruld- 
^reeii  bead.  With  soda  yields  a  manganese  reaction.  Decomposed  on  fusion  with 
[>oiassium  bisulphate,  yielding  a  yellow  mass  which  on  treatmeut  with  dilute  hydrochloric 
%citl  separates  white  tantalic  acid,  aud  on  boiling  with  metallic  ziuc  gives  a  flue  blue  color. 
In  powder  sufficiently  decomposed  on  boiling  with  concentrated  sulphuric  acid  to  give  the 
blue  reduction  test  when  the  acid  fluid  is  treated  with  metallic  zinc  or  tiu. 

Obs.— Occurs  in  reddish  brown  feldspar,  with  aeschynite  and  columbite  in  the  Ilmen 
mouiiUiius.  near  Miask.  In  the  United  States,  rather  abuudant  and  sometimes  in  large 
ina.sses,  up  to  20  lbs.,  at  the  mica  mines  in  Mitchell  Co.>  N.  Carolina,  intimately  associated 
with  columbite;  sparingly  elsewhere. 

o 

Aimer5dite.  Essentially  a  pvro-niobate  of  uranium  and  yttrium.  In  prismatic  crystals, 
ort'-n  resembling  columbite.  H.  =6.  G.  =  5*7.  Color  black.  From  the  pegmatite  vein 
ai  Auuerdd,  near  Moss,  Norway. 

Hielmite.  A  stanno-tantalate  (and  niobate)  of  yttrium,  iron,  manganese,  calcium. 
Ciystals  (orthorhombic)  usually  rough;  massive.  O.  =  5*82.  Color  pure  black.  From 
tlie  Kdrarfvet  mine,  Falun,  Sweden. 

JESschynite,  A  niobate  and  titanate  (thorate)  of  the  cerium  metals  chiefly,  also  in  smaV* 
Rmouut  iron,  calcium,  etc.  Crystals  prismatic,  orthorhombic.  Fracture  small  conchoidaL 
Brittle.  H.  =5-6.  G.  =  4  98  HitterO;  6168  Miask.  Luster  submetallic  to  resinous, 
nearly  dull.  Color  nearly  black,  inclining  to  brownish  yellow  when  translucent  Analysis 
by  liauimelsberg. 

Nb,0»  TiOt    ThOi    OetO.,La,(Dit)0,  TiO..(Er,0.)       FeO    CaO 
G.  =5168    S2-51    21-20    17'55  19'41  8*10  8*84    2-50  =  99  61 

From  Miask  in  the  Ilmen  Mts.,  in  feldspar  with  mica  and  zircon;  also  with  euclase 
in  the  gold  sands  of  the  Orenburg  District,  Southern  Ural.  From  Hitter6,  Norway.  Named 
from  aiaxvri},  ihame,  by  Berzelius.  in  allusion  to  the  Inability  of  chemical  science,  at  the 
lime  of  its  discovery,  to  separate  some  of  its  constituents. 

Polymignite.  A  niobate  and  titanate  (zirconate)  of  the  cerium  metals,  iron,  calcium. 
Crystals  slender  prisms,  vertically  striated.  G.  =  4*77-4*85.  Color  black.  Occurs  at 
Frcderiksvttm,  Norway. 

Buzenite.  A  niobate  and  titanate  of  yttrium,  erbium,  cerium  and  uranium.  Crystals 
rare;  commonly  massive.  H.  =  6*5.  G.  =  4  7-5*0.  Color  brownish  black.  Analysis  by 
PUuimelsberg. 


Alve 


G. 

500 


Nb,0, 
8509 


TiO. 

21*16 


Y.O. 

27*48 


Er,0» 
8*40 


Ce,0. 
3*17 


UO, 

4*78 


FeO 
1*88 


H.O 

2*68  =  9909 


Occurs  at  JOlster  in  Norway;  near  Tvedestrand;  at  Alve,  etc.,  near  Arendal 
Polyorase.     A  niobate  and  titanate  of  yttrium,  erbium,  cerium,  uranium, 

like  euxenite.    Crystals  thin  prismatic,  orthorhombic.    Fracture  c«>nchoidal. 

H.  =5-6.      G.  =  4 •97-5 -04.      Luster  vitreous  to  resinous.     Color  black, 


928. 


browuish  in  splinters, 
berg. 

HilterO 
Henderson  Co., 


Analyses:  1,  Mackintosh;   2,  Hidden  and  Rammels 


Nb,0»  Ta,0»    TIO, 
20*85  400  26-59 


Y,0, 


Er,Oi 
7-68 


0,0, 
2-61 


UO,      PeO 
7-70  2*72 


1948     —    29  81  27-55'    —       —    18-77 


•  At.  w^ht.  112.  *UO,. 

From  HitterO,  Norway,  in  granite  with  gadolinite:  at  Slftlt&kra.  Sm&land, 
Sweden.  Iu  the  U.  States,  in  N.  Carolina,  in  the  gold-washinps  on  Davis 
1  md.  Henderson  Co.  with  zircon,  monazitc,  xenotime,  magnetite;  also  in 
8  Carolina,  four  miles  from  Marietta  in  Greenville  Co.  Named  from 
ituAvs,  many,  and  Kpdaii,  mixture. 
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DESCBIPTIYE  MIN£RAIX)OY. 


Oxygen  Salts. 

4.  PHOSPHATES,  ARSENATES,  VANADATES, 
ANTIMONATES. 

A.  Anhydrous  Phosphates,  Arsenates,  Vanadates,  Anitmonates. 

Normal  phosphoric  acid  is  H,PO«,  and  consequently  normal  phosphates 

I  n  m 

bsv©  the  formulas  R,PO^,  R,(POJ,  and  RPO^,  and  similarly  for  the  arse- 
nates,  etc.  Only  a  comparatiTely  small  number  of  species  conform  to  this 
simple  formula.  Most  species  contain  more  than  one  metallic  element,  and  in 
the  prominent  Apatite  Group  the  radical  (CaF),  (CaCl)  or  (PbCl)  enters; 

in  the  Wagnerite  Group  we  have  similarly  (RF)  or  (ROH). 


XBNOnBCB. 


929. 


^^ 


Tetragonal.  Axis  i  =  0-6187,  zz'  (111  A  111)  =  55**  30',  zz''  (111  A  111) 
=  82°  22'.  In  crystals  resembling  zircon  in  habit: 
sometimes  compounded  with  zircon  in  parallel  position 
(Fig.  314,  p.  131).     In  rolled  grains. 

Cleavage:  m  perfect.  Fracture  uneven  and  splint- 
ery. Brittle.  H,  =  4-5.  G.  =  4  45-4  56.  Luster 
resinous  to  vitreous.  Color  yellowish  brown,  reddish 
brown,  hair-brown,  flesh-red,  grayish  white,  wine-yellow, 
pale  yellow;  streak  pale  brown,  yellowish  or  reddish. 
Opaque.     Optically  +. 

Comp.— Essentially  yttrium    phosphate,   YPO,    or 

\^^y^   V!y-^  Y,0,.P,0,  =  Phosphorus  pentoxide    386,  yttria    61-4 

^^X''^       ^C/^     =  10^'     The  yttrium  metals  may  include,  erbium  in 

large  amount;  cerium  is  sometimes  present;  also  silicon 

and  thorium  as  in  monazite. 

Pyr.,  etc.— B.B.  infusible.  When '  moisteDed  with  sulphuric  ftcid  colors  the  flnme 
bluish  G:reen.    Difficultly  soluble  in  salt  of  phosphorus.    Insoluble  in  acids. 

Diff.— Resembles  zircon  in  its  tetragonal  form,  but  distinguished  by  inferior  hardness 
and  perfect  prismatic  cleavage. 

Obs. — Occurs  as  an  accessory  mineral  in  granite  veins;  sometimes  in  minute  embeddeil 
crysUils  generally  distributed  in  granitic  and  gneissoid  rocks.  Found  at  HitterO;  at  Moss. 
KragerO.  and  from  pegmatite  veins  at  other  points  in  Norway:  at  Yttcrby.  Sweden;  ilie 
I'ibia  Berg,  S.W.  from  St.  Gothard  and  the  Binneuthal,  Switzerland.  An  accessory  con- 
etituent  in  the  muscovite-granites  of  Brazil. 

In  the  United  States,  in  the  gold  washings  of  Clarksville,  Georgia;  in  N.  Carolina, 
l^urke  Co  .  Henderson  Co..  Mitchell  Co.;  in  brilliant  crystals  in  Alexander  Co^with  nitile, 
etc. ;  with  tysonite  near  Pike's  Peak,  Colorado;  rare  on  New  York  Island. 


930. 


PHOSPHATES^  ARSENATES^   BTQ. 
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i  :  (5  =  0-9693  :  1  :  0-9256;  /J  =  76°  20', 


931. 


932. 


MONAZTTB. 

Monoclinic.  Axes  a 
mm",  110  Alio  =  86' 84'. 
aw,  100  A  101  =  39'  12^'. 
a'x,  100  A  101  =  53'  81'. 
ee",  on  A  Oil  =88' 56'. 
fV,  111  A  lil  =  60'  40'. 
ti/.       ill  A  ill  =78"  ly. 

Crystals  commonly 
small,  often  flattened  ||  a  or 
elongated  ||  axis  b;  some- 
times prismatic  by  exten- 
sion of  V  (111)  (Fig.  324, 
p.  102);  also  large  and 
coarse.  In  masses  yielding 
angular  fragments;  in  rolled 
graius. 

Cleayage:  c  sometimes  perfect  (parting?);  also,  a  distinct;  b  difficult; 
sometimes  showing  parting  \  c,  m.  Fracture  conchoidal  to  uneven.  Brittle. 
11.  =  5-5*5.  G.  =  4 '9-5  "3;  mostly  5*0  to  5'2.  Luster  inclining  to  resinous. 
Color  hyacinth-red,  clove-brown,  reddish  or  yellowish  brown.  Subtransparent 
to  subtranslucent.  Optically  -f .  Ax.  pi  ±  ft  and  nearly  ||  a,  Bx^  A  ^  = 
+  1°  to  4°.     Dispersion  p  <v  weak;  horizontal  weak.     2Er  =  29"*  to  3r. 

Comp. — Phosphate  of  the  cerium  metals,  essentially  (Ce,La,Di)PO^. 

Most  analyses  show  the  presence  of  ThOt  and  SiO«,  usually,  but  not  always,  in  the 
proper  amount  to  form  thorium  silicate;  that  this  is  mechanically  present  is  not  certain 
but  possible.    Typical  analyses:  1,  Blomstrand;  2,  Penfield. 


Norwich,  Ct. 


Switzerland. 


1.  Arendal 

2.  Burke  Co.,  N.  C. 


G 

515 
510 


P.O. 
27-55 


CctO, 
20-20 
81-88 


LaaO,  Y,(Er),0,  SiO, 
26-26         8-82       186 


80-88  — 


1-40 


ThO, 

9-57 

X  2-84  =  100  60 

6-40 

Ign0-20=   99-6a 

X  =  Fe.0, 118,    CaO0  69,    H,0  0-52. 


Pyr.,  etc. — 6.6.  infusible,  turn»  gray,  and  when  moistened  with  sulphuric  acid  colors 
the  flame  bluish  green.  With  borax  gives  a  bead  yellow  while  hot  and  colorless  on 
cooling:  a  saturated  bead  becomes  enamel-white  on  flaming.  Difllcultly  soluble  in  hydro- 
chloric acid. 

Obs. — Rather  abundantly  distributed  as  an  accessory  constituent  of  gceissoid  rocks  in 
certain  regions,  thus  in  North  Carolina  and  6razi].  Occurs  near  Zlatoust  in  the  Ilmeu 
Mts.,  in  granite.  In  Norway,  near  Arendal.  and  at  Anner5d.  In  small  jellow  or  brown 
crystals  iturnerite)  in  Dauphine  and  Switzerland.  Found  also  in  the  gold  washings  of 
Aotioquia;  In  the  diamond  gravels  of  Bi-azil. 

In  the  United  States,  formerly  found  with  the  sillimanite  of  Norwich,  Conn.;  also  at 
Yorktown,  N.  Y.  In  large  coarse  crystals  and  masses  in  albitlc  granite  with  microlite.  ctc.^ 
nt  Amelia  Court-House,  Virginia.  In  Alexander  Co.,  N.  Carolina,  in  splendent  crysialsr 
in  Mitchell,  Madison,  Burke,  and  McDowell  counties,  obtained  in  large  quantities  in  rolled 
gniius  by  washing  the  gravels. 

Monazite  is  named  from  juovrrXeiv,  to  be  solitary,  in  allusion  to  its  rare  occurrence 

Crypiolite  occurs  in  wine-yellow  prisms  and  grains  in  the  green  and  red  apHtiie  of 
Arendal,  Norway,  and  is  discovered  on  putting  the  apatite  in  dilute  nitric  acid.  It  is 
probabl}'  monazite. 

Berzeliite.  RsAr,0,i(H  —  Ca.Mar  Mn)  Isometric,  usnnlly  massive.  G  =  4  03.  Color 
brisjlit  yellow.  From  L&nghan.  S^^eden.  Pyr>hnrnfnitfi  from  the  SjO  mines,  Sweden,  con- 
•niim  hIso  antimony:  color  ye  lowi«h  nd.  (^nryinite,  dissociated  with  berzeliite,  is  related^ 
but  contains  lead;  massive  (monoclinic'^ 
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Monimolita.  An  antimoDate  of  lead,  iron,  and  sometimes  calcium;  in  part.  R»Sb,0.. 
Usually  in  octahedrons;  massive,  incrasting.  G.  =  6*58.  Color  yellowish  or  brownish 
green.    From  the  Harstig  mine,  Pajsberg. 

Oarminita.  Perhaps  PbsAsaOt.l0FeAaO4,  In  clusters  of  fine  needles;  also  in  spheroi- 
dal forms.  G.  =  4105.  Color  carmine  to  lile-red.  From  the  Luise  mine  at  Horhaufieo, 
Nuflsau. 

Pooherita.  Bismuth  Tanadate,  BfVOi.  In  small  orthorhombic  crystals.  H.  =4. 
G.  =  6  249.     Color  reddish  brown.    From  the  Pacher  Mine,  Schneeberg,  Saxony. 


Triphylite  Groap.    Orthorhombic. 

d:i:6 
TriphyUte  Li(Fe,Mn)PO,  04348  : 1  :  0-5266 

LithiophiUte  Li(MD,Fe)PO« 

HatrophiUte  NaMnPO« 

OrthophosphateB  of  an  alkali  metal,  lithinm  or  sodium^  with  iron  and  man* 
ganese. 

TRIPHTIJTB-IalTHXOPHIIiITO. 

Orthorhombic.  Axes  i  :h  :  6=^  0-4348  : 1 :  0*5265.  Crystals  rare,  nsaallj 
coarse  and  faces  uneyen.     Commonly  massiye,  cleavable  to  compact. 

Cleavage:  c  perfect;  b  nearly  perfect;  m  interrupted.  Fractare  nneyento 
snbconchoidal.  H.  =  4*5-5.  G.  =  3-42--3-56.  Luster  yitreous  to  resinous. 
Color  greenish  gray  to  bluish  in  triphylite;  also  pale  pink  to  yellow  and  cloye- 
brown  in  lithiophuite.  Streak  uncolored  to  grayish  white.  Transparent  to 
trauslucent. 

Comp.»  Tar. — ^A  phosphate  of  iron,  manganese  and  lithium,  Li(Fe,Mn)PO,. 
yarying  from  the  bluish-gray  triphylite  with  little  manganese  to  the  salmou- 
pink  or  doye-brown  lithiophilitb  with  but  little  iron. 

Typical  Triphylite  is  LiFePO*  =  Phosphorus  pentoxide  45*0.  iron  protoxide  45*5,  liiliia 
9-5  =  100.  Typical  LithiophUiU  is  LiMnP04  =  Phoephorus  pentoxide  45-3,  nmnganese 
protoxide  451,  lithia  96  =  100.     Both  Fe  and  Mn  are  always  present. 

Pyr.,  etc.— In  the  closed  lube  sometimes  decrepitates,  turns  to  a  dark  color,  and  gives 
oflf  traces  of  water.  B.B.  fuses  at  1*5,  coloring  the  flame  beautiful  lithia- red  in  streaks, 
with  a  pale  bluish  green  on  the  exterior  of  the  cone  of  flame.  With  the  fluxes  reacts  for 
iron  and  manganese;  the  iron  reaction  is  feeble  in  pure  lithiophilite.  Soluble  in  hydro- 
chloric acid. 

1  9^"r-^*P*y^^«o^ten  associated  with  snodumene:  oconrs  at  Rabenstcin,  near  Zwie- 
sel,  111  ^vana;  KeityO  Finland:  Norwich.  Mass.:  Peru.  Me  :  Grafton,  N.  H.  Named 
tTom  rpii  threefold,  and  4>v\rf,  famUy.  in  allusion  to  its  containing  three  phosphates. 

LUfi%ophilite  occurs  at  Branchville,  Fairfield  Co..  Conn.,  fn  a  vein  of  albitic  i?ranite.  with 
spodumene,  manganese  phosphates,  etc.;  also  at  Norway.  Me.    Named  from  lOhium  acd 

If  ?!*^*'r?^'^"^'     ?*?^°^*-     ^®*''    triphylite    in    form.     Cbieflv    mawive,    cleavaWe. 
flel(rCo**~'conn    ^  '  ^^^  wine-yellow.    Occurs  sparingly  at  Branchville.  Fair- 


Beryllonite.  A  phf>8pbate  of  sodhim  and  bervlUnm.  NaBePO*.  Crystals  short  pris- 
matic to  tabular,  orthorhombic.  H.  =  5-5-«.  G  =  2'845.  Luster  yitreous:  on  c  pearlv. 
Colorless  to  white  or  pale  yellowish.    Prom  Stoneham.  Maine. 


PHOBPHATBS^  ARSENATES^  ETC. 

Apatite  Group. 
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General  f ormnla 
Apatite 

Pyromorphite 

Mimetite 

Yanadinite 


B.(F,C1)[(P,A8,V)0J.  =  (B(P,Cl))B,[(P,As,V)OJ.; 

(CaF)Ca,(PO  J,        Fluor-apatite  i  =  0-7346 

Ohior-apatite 

07362 
0-7224 
0*7122 


or  (CaCl)Ca,(PO,), 
{PbCl)Pb,(PO,). 
(PbCl)Pb,(A80,). 
(PbCl)Pb,(VOJ. 


In  addition  to  the  aboye  species,  there  are  also  certain  iotermediate  compounds  contain- 
ing lead  and  calcium;  others  with  phosphorus  and  arsenic,  or  arsenic  and  yanadiuni,  as 
noted  beyond.  Further  the  rare  calcium  arsenate,  Bvabite,  also  seems  to  belong  in  this 
group. 

^  The  species  of  the  Apatite  Gboup  crystallize  in  the  hexagonal  system, 
but  all  show,  either  by  the  subordinate  faces,  or  in  etching-figures,  that  they 
belong  to  the  pyramidal  group  (p.  71).  They  are  chemically  phosphates, 
arsenates,  vanadates  of  calcium  or  lead  (also  manganese),  with  chlorine  or 
fluorine.  The  latter  element  is  probably  present  as  a  univalent  radical 
CaF  (or  CaCl),  etc.,  in  general  BF  (or  ECl),  replacing  one  hydrogen  atom  in 

the  acid  E,(PO,)„  so  that  the  general  formula  is  (BF)B,(PO,)„  and  similarly 
for  the  arsenates.  This  is  a  more  correct  way  of  viewing  the  composition  than 
the  other  method  sometimes  adopted,  viz.,  3K,(P0  J,.BF„  etc. 


APATITU. 

Hexagonal-pyramidal.    Axis  d  =  0*7346. 
933.  934.  936. 


936. 


f^^  f^^ 


x^ 


ao',  lOil  A  0111  =  87'  44J'. 
$^,   1121  A  l2il  =  48*  W. 
mM,  lOiO  A  2lSl  =  80'  BCK. 
m«,    1010  A  1121  =  44'  17'. 


«•.  5001  A  10i2  =  22*  5IK. 
cT,  0001  A  1011  =  40*  18'. 
c.v.  0001  A  2021  =  69'  29'. 
Tr\  1012  A  0112  =  23'  81'. 

Crystals  varying  from  long  prismatic  to  short  prismatic  and  tabular.  Also 
lobular  and  reniform,  with  a  fibrous  or  imperfectly  columnar  structure; 
inas^iive,  structure  granular  to  compact. 

rieavasre:  c  imperfect;  m  more  so.  Fracture  conchoidal  and  uneven. 
Brittle.  H.  ==  5,  sometimes  4*5  when  massive.  G.  =  3*17-3-23  cryst.  Luster 
vitreous,  inclining  to  subresinous.  Streak  white.  Color  usually  sea-green, 
bluish  green;  often  violet-blue;  sometimes  white;  occasionally  yellow,  gray, 
rod,  flesh-red  and  brown.  Transparent  to  opaque.  Optically  — .  Birefrin- 
gence low.     ooj  =  1*6461,  €y  =  1'6417. 
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Var.—l.  Ordinary,  Crystallized,  or  cleavable  and  granular  mnssive.  Colorltfs  tn 
green,  blue,  yellow,  fiesh-red.  (a)  l*he  atparoffUM-Mione,  oriffiually  from  Murcia.  Sp:>iii.  h 
yellowisb  green.  Moroxite,  from  Arendiil,  is  in  greeuiab  blue  and  bluUb  cr^stal^.  im 
Lcuurapatite  is  a  sky-blue  varieiy  witb  lapia-lazuli  in  Siberia,  (c)  FraneoliU,  froui  WIhhI 
Fraucu,  near  Tavistock,  Devonsbire,  occurs  iu  small  crystalline  stalactitic  masses  and  iu 
minute  curving  crystals. 

Ordinary  apatite  iBfluoT'OpatiU,  containing  fluorine  often  witb  only  a  trace  of  cbloriie. 
up  to  0'5  p.  c;  rarely  cbloriue  preponderates,  and  someiimes  fluorine  is  entirely  abscni. 

2.  ManganapatiU  contains  manganese  replacing  calcium  to  10*6  p.  c.  MuO;  color  U:.:k 
bluisb  green. 

3.  Fibrous,  eanerttionary,  stalactUic.  PhoiphoriU  includes  tbe  fibrous  concretim  n:y 
and  partly  scaly  mineral  from  Estremadura,  Spain,  and  elsewbere.  Bupyrdiroite,  ttoMi 
Crown  Point,  IH.  T.,  belongs  here;  it  is  concentric  in  structure.  StaffeliU  occurs  mvTu>\ 
ing  tbe  pbospborite  of  Stanel  in  botryoidal,  renifonn,  or  stalactitic  masses,  fibrous  ai.d 
radiating.     See  p.  499. 

4.  Earthy  apatite;'  (kteoUte.  Mostly  altered  apatite ;  coprolites  are  impure  calcii.m 
pbospbate. 

Comp.— For  Fluor-apatite  (CaF)Ca,(PO.), ;  and  for  Clilor'apaiUe 
(CaCl)  Ca,(POJ,;  also  written  3Ca,P,0,  +  CaP  and  3Ca,P,0,  +  CaC  1,. 
There  are  also  intermediate  compounds  containing  both  fluorine  and  chlorine. 
The  percentage  composition  for  these  normal  varieties  is  as  follows : 

Flu^frapatits    P.O.  43-8    CaO  55-5    P  8*8  =  101 -6    or  Ca.P.O.  93  25    CaF,    7  75  =  HO 
Chlor-apatiie    P.O.  41  0    CaO  588    C16'8  =  101«    or  Ca.P,0.  89*4      CaCl,  10  6  =  1m. 

Flaor-apatite  is  mucb  more  common  tban  tbe  other  variety;  here  belonn  the  apatili  c'  | 
tbe  Alps,  Spain,  St.  Lawrence  Co.,  N.  Y.,  Canada.     Apatites  in  wbicb  cblorine  is  prom 
iuent  are  rare;  tbis  is  true  of  some  Norwegian  kinds. 

Pyr.^  etc.— B.B.  in  tbe  forceps  fuses  witb  difficulty  on  tbe  edges  (F.  =  4  5-6).  coloiii  j: 
tbe  flame  reddisb  vellow;  moistened  witb  sulphuric  acid  and  heated  colors  tbe  tian- 
pa)e  bluisb  green  (phosphoric  acid);  some  varieties  rear t  for  chlorine  with  salt  of  pl.o- 
phorus,  when  the  bead  has  been  previously  saturated  with  copper  oxide,  while  others  jiivv 
fluorine  when  fused  with  this  salt  in  an  open  glass  tube.  Gives  a  phosphide  with  the 
sodium  test.  Dissolves  in  hydrochloric  and  nitric  acids,  yielding  with  sulphuric  acid  n 
copious  precipitate  of  calcium  sulphate;  the  dilute  nitric  acid  soluiion  gives  with  l';tl 
acetate  a  white  precipitate,  which  B.B.  on  charcoal  fuses,  giving  a  globule  wiib  crysiallii  e 
facets  on  cooling.     Some  varieties  of  apatite  phosphoresce  on  heating. 

Diflf.— Chnnicterizeti  by  tbe  common  hixiigonnl  form,  but  softer  than  beryl,  Um-^ 
scratched  by  a  knife;  does  not  effervesce  iu  ari(i  (like  calcite);  difficultly  fusible;  yields  n 
green  flame'B  B.  after  beinir  moistened  witb  siilplniric  acid. 

Recognized  in  thin  sections  by  its  moderately  liiph  relief:  extremely  low  birefnngeoce 
(hence  not  often  showing  a  distinct  axial  figure  in  basal  sections),  the  interference  o.l<  i> 
in  ordinary  sections  scarcely  rising  above  gray  of  the  first  order;  parallel  extinction  rtn.i 
negative  extension:  colnmnarform:  Inck  of  color  and  cleavage;  and  by  tberudecn^ssiwrtm- 
seen  as  occasional  cracks  crossing  the  prism.  ,       , 

Obs— Apatite  occni-s  in  rocks  of  various  kinr^s  and  ages,  but  is  most  common  i"  mei!.- 
mnrphic  crystalline  rocks,  esprciallv  in  eianular  limestone  and  in  many  metaUirt'it>.  < 
veins,  particularly  those  of  tin.  in  gneiss,  syenite,  homblendic  gneiss,  mica  schist,  Ik  (!s  o. 
iron  ore;  occasioiiRlly  in  sprnentine  In  the  form  of  minute  microscopic  crystals  it  has  m. 
almost  universal  distribution  as  a  rock-formine  mineral.  It  is  found  in  all  kinds  of  ignci.u. 
rocks  and  is  one  of  the  earbVst  products  of  crystallization.  In  larger  crystals  it  is espici.  lly 
characteristic  of  the  pegmatite  facies  of  igneous  rocks,  particularly  the  granites^  and  o«  rur> 
there  associated  with  quartz,  feldspar,  tourmaline.  5™"8C<>^'^«  ,)>73^^V  tl"""  fl«Lu,f^r '"  Knn' 
nresPnt  in  ordinary  stmtified  limestone,  beds  of  sandstone  or  shale  of  the  Silur  an.  Cu  bon- 
Ifproiis.  Jurnssic.  Cretaceous,  or  Tertiary.     It  has  been  observed  as  the  petrifying  matenal 

""  Among  its  localities  are  Ehrenfriedersdorf  in  Snxony;  Schwarzenstein  the  Knappc  o- 
wand  in  Untersulzbachthal  in  the  Tyrol;  St.  Gothard.  Tavetsch.  etc  in  Switzvrluiui; 
Mns«»a.  Alp  in  Piedmont,  white  or  colorless:  Zinnwald  and  Schlackenwald  n  B  henna:  in 
Enirland.  in  Cornwall,  with  tin  ores;  in  Cnmberlnnd.  at  Carrock  Fells;  in  Devonshire, 
crrnm-colored  at  Bovey  Trncev,  and  at  Whenl  Franco  (franeohte).  The  a$parnffus$tonf  or 
spargelBtein  of  Jumilla.  in  Murcia,  Spain,  is  pale  yellowish  green  in  color.     Lairge  quanii- 


PHOSPHATES^  ARSENATES^  ETC.  499 

ties  of  apatii«  are  mined  in  Norway  at  KnigerO;  also  at  Odegaard,  near  Bamle.  and 
elsewhere. 

lu  Maine,  on  Long  Island,  Blue-hill  Bny.  In  H,  Hamp.,  Westmoreland.  lu  i/oM.,  at 
Norwich;  at  Bolton  abundant.  In  Conn.f  at  Bmnchville  {manganapatite),  also  greenish 
white  and  colorless.  In  New  York,  common  iu  St.  Lawrence  Co.,  in  granular  limestone; 
^l^f>  Jefferson  Co.;  Sandford  mine,  East  Moriah,  Essex  Co.,  in  magnetite;  near  Edenville, 
Oniiige  Co.  In  Penn.,  at  Leiperville,  Delaware  Co.;  in  Chester  Co.  In  N,  Carolina,  at 
Stony  Point,  Alexander  Co.,  etc. 

In  extensive  l)eds  in  the  Laurentian  gneiss  of  Canada,  usually  associated  with  limestone, 
ind  accompanied  by  pyroxene,  amphibole,  titnnite.  zircon,  garnet,  Tesuvianite  and  many 
)iher  species.  Prominent  mines  ara  in  Ottawa  County,  Quebec,  in  the  townships  of  Buck- 
iiiglium,  Templetou,  Portland,  Hull,  and  Wakefield,  Also  in  Renfrew  county,  Ontario, 
iud  in  Lanirk,  Leeds,  and  Fronteuac  counties. 

Apatite  was  named  by  Werner  from  dTtardeiv,  to  deceive,  older  mineralogists  having 
referred  it  to  aquamarine^  chrysolite,  amethyst,  fluor,  schorl,  etc. 

Besides  the  definite  mineral  phospltates,  including  normal  apatite,  phosphorite,  etc., 
[here  are  also  extensive  deposits  of  amorphous  phosphates,  consisting  largely  of  '*bone 
phosphate''  (CatPaO«),  of  great  economic  importance,  though  not  having  a  definite  chemi- 
?al  composition  and  hence  not  strictly  belonging  to  pure  mineralogy.  Here  belong  the 
[)ho3phatic  nodules,  coprolites,  bone  beds,  guano,  etc.  Extensive  phosphatic  deposits  also 
x;cur  in  North  Carolina,  Alabama  and  Florida.  Guano  is  bone  phosphate  of  lime,  mixed 
B?ith  the  liy(irou<t  phosphates,  and  generally  with  some  calcium  carbonate,  and  often  a 
little  magnesia,  uluniinii,  iron,  silica,  gypsum  and  other  impurities. 

Staffblitb.  a  carbonated  calcium  phosphate.  Occurs  incrustin^  the  phosphorite  of 
^taffel,  in  botryoidil  or  stalactitic  masses,  fibrous  and  radiating;  it  Is  the  result  of  the 
kction  of  carbonated  waters.  H.  =4.  G.  =  3128.  Color  leeE  to  dark  green,  greenish 
yellow.    DahUite,  from  Bamle,  Norway,  is  similar. 

PYROMORPHrrd.     Green  Lead  Ore.    Granbleiens  Oerm. 

Hexagonal-pyramidal.    Axis  i  =  07362. 

Crystals  prismatic,  often  in  rounded  barrel -shaped  forms;  also  in  branch- 
ng  groups  of  prismatic  crystals  in   nearly  parallel   position,  933 

apering  down  to  a  slender  point.  Often  globular,  reniform, 
.ud  botryoidal  or  verruciform,  with  usually  a  subcolumnar 
tructnre;  also  fibrous,  and  granular. 

Cleavage:  m,x{lOlV)  in  traces.  Fracture  subconchoidal, 
meven.  Brittle.  H.  =  3-5-4.  G.  =  6-5-7 •!  mostly,  when 
>ure;  5 '9-6 '5,  when  containing  lime.  Luster  resinous.  Color 
^reen,  yellow  and  brown,  of  different  shades;  sometimes  wax- 
el  low  and  fine  orange-yellow ;  also  grayish  white  to  milk- 
v^hire.  Streak  white,  sometimes  yellowish.  Subtransparent  to 
tibtranslucent.     Optically  — . 

Var.  —1.  Ordinary,   (a)  In  eryetaU  as  described  ;  sometimes  yellow  and 
n  rounded  forms  resembling  canipylite  {pseudo-campyliie),    (b)  In  aeieular 
rid  m^M-^t^tf  aggregations,     ie)  Voncretiontt*^  groups  or  masses  of  crys- 
ftls,    liaving    the   surface    angular,      (rf)  Fibrotis.     {e)  Granular  maseive,     (/)  Earthy; 
ncnistiiig. 

2.  PolyephcBrite,  Containiug  lime;  color  brown  of  different  shades,  yellowish  gray. 
)ale  yellow  to  nearly  white;  streak  white;  G.  =  5-89-6-44.  Rarely  in  separate  crystals; 
isually  in  groups,  fflobular,  mammillary,  verruciform.  Miesite.  from  Mies  In  Bohemia,  is 
i  brown  variety.  Nuasieriie  is  similar  and  impure,  from  Nussi^re,  near  Beaujeu,  France; 
jolor  yellow,  greenish  or  grayish;  G.  =  6042.  3.  Chramiferous;  color  brilliant  red  and 
)range.  4.  Areen^feroue;  color  green  to  while;  G.  =  5*5-6'6.  5.  Peeudomarphous  ;  (a) 
ifter  galena;  {h)  cerussite. 

Comp.— (PbCl)Pb,(PO,),  or  also  written  3Pb.P,0,.PbCl  =  Phosphorus 
Dentoxide  15'7,  lead  protoxide  82*2,  chlorine  2'6  =  100'5,  or  Lead  phosphate 
39-7,  lead  chloride  10*3  =  100. 
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The  phosphorus  is  ofteo  replaced  by  arsenic,  and  as  the  amount  iDcreases  the  si^ecies 
passes  into  mimetite.     Calcium  also  replaces  the  lead  to  a  cuusiderable  extent. 

Pyr.,  etc. — In  the  closed  tube  exvea  a  white  sublimate  of  lead  chloride.  B  B.  in  the 
forceps  fuses  easily  (F.  =  1*5),  coloring  the  flame  bluish  ereeu;  ou  charcoal  fuses  wiUu't 
reduction  to  a  globule,  which  on  cooline  assumes  a  crystalline  polyhedral  form,  while  :lie 
coal  is  coated  wbite  from  chloride  and,  nearer  the  assay,  yellow  from  lead  oxide.  \\\)h 
soda  on  charcoal  yields  metallic  lead;  some  varieties  contain  arsenic,  and  give  the  odor  <  f 
garlic  iu  R.F.  ou  charcoal.  With  salt  of  phosphorus,  previously  saturated  witli-  rop:v^r 
oxide,  gives  un  azure-blue  color  to  the  flame  when  treated  in  O.F.  (chlorine).  Soluble  in 
nitric  acid. 

Diff.— Distinguished  by  its  hexagonal  form;  high  speciflc  gravity;  resinous  luster; 
blowpipe  characters. 

Obs.— Pyromorphite  occurs  principally  in  veins,  and  accompanies  other  ores  of  K-ud. 
At  Poullaouen  and  Huelgoet  in  Brittany;  at  Zschopau  and  other  places  in  Saxony:  u: 
Pribram,  Bleistadt,  in  Bohemia;  iu  fine  crystals  at  Ems,  Braubach,  in  Nassau:  also  at 
Derubach  in  Nassau;  Berezov  in  Siberia;  in  the  Nerchinsk  mining  district;  Corn wm  11 
green  and  brown;  Devon,  gray;  Derbyshire,  green  and  yellow;  Cumberland,  goldm 
yellow,  iu  England;  Leadhills,  red  and  orange,  in  Scotland. 

In  the  U.  8..  has  been  found  very  fine  atPhenixville,  Pa.;  also  in  Maine,  at  Lubec  arai 
Lenox;  in  New  York,  a  mile  south  of  Sing  Sing;  in  Davidson  Co.,  N.  C,  also  iu  Cabarrus 
and  Caldwell  Cos. 

Named  from  levp,  lire,  nop4>rf,  form,  alluding  to  the  crystalline  form  the  globUiC 
assumes  on  cooling.    This  species  passes  into  mimetite. 

BfllMBTrrB. 

Hexagonal-pyramidal.     Axis  i  =  0-7224. 

Habit  of  crystals  like  pyromorphite;  sometimes  rounded  to  globular  forms. 
Also  in  mam  miliary  crusts. 

Cleavage  :  x  (lOll)  imperfect.  Fracture  uneven.  Brittle.  H-  =  3*5, 
G.  =  7-0-7'25.  Luster  resinous.  Color  pale  yellow,  passing  into  browL; 
orange-yellow;  white  or  colorless.  Streak  white  or  nearly  so.  Subtrans- 
parent  to  translucent. 

Var.— 1.  Ordinary,  (a)  In  ery$taU,  usually  in  rounded  aggregates,  {b)  Capillarp  or 
filamentous,  especially  marked  in  a  variety  from  St.  Prix-sous-!Beuvray,  Fnince:  somewliat 
like  asbestus,  and  straw-yellow  in  color,    {e)  Concretionary, 

Campylite,  from  Drygill  in  Cumberland,  has  G.  =  7-218.  and  is  in  barrel-shaped 
crystals  (whence  the  name,  from  Ka/invXai,  curved),  yellowish  to  brown  and  browuish 
red;  contains  8  p.  c.  PtO». 

Comp.—(PbCl)Pb/(AsOJ„  also  written  3Pb,As,0,.PbCl  =  Arsenic  pent- 
oxide  23-2,  lead  protoxide  74*9,  chlorine  2*4  =  100*5,  or  Lead  arsenate  90*7, 
lead  chloride  9*3  =  100. 

Phosphorus  replaces  the  arsenic  in  part,  and  calcium  the  lead.  Endlicliik 
(p.  501)  IS  intermediate  between  mimetite  and  vanadinite. 

Pyr.,  etc. — ^In  the  closed  tube  like  pyromorphite.  6.6.  fuses  at  1,  and  on  charoiul 
gives  in  R.F.  an  arsenical  odor,  and  is  easily  reduced  to  metallic  lead,  coating  the  coal  nt 
first  with  lead  chloride,  and  later  with  arsenic  trioxide  and  lead  oxide.  Gives  the  chlcriue 
reaction  as  under  pyromorphite.    Soluble  in  nitric  acid. 

Obs. — Occurs  near  Redruth  and  elsewhere  in  Cornwall;  Beer  Alston,  Devonshire: 
in  Cumberland:  near  Pontgibaud,  Puy-de-D6me;  at  Johannffeorgenstadt.  in  fine  yellow 
crystals;  at  Nerchinsk,  Siberia;  at  Zinnwald;  L&ngban,  Sweden;  at  the  Brookdale  mine. 
Phenixville,  Pa. 

Named  from  i/t/z^rif?,  imitator,  it  closely  resembling  pyromorphite. 

VANADtNTTB. 

Hexagonal-pyramidal.    Axis  6  =  0*7122. 

Crystals  prismatic,  with  smooth  faces  and  sharp  edges;  sometimes  cavern- 
ous, the  crystals  hollow  prisms;  also  in  rounded  forms  and  in  parallel  group- 
ings like  pyromorphite.     In  implanted  globules  or  incrustations. 
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Fractnre  uneven,  or  flat  cdnchoidal.     Brittle.    H.  =  2*75-3.     G.  =  6-66- 
7'10.     Lnster  of  surface  of  fracture  resinous.     Color  deep  ruby-red,  light 
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brownish  yellow,  straw-yellow,  reddish  brown.  Streak  white  or  yellowish. 
Subtranslucent  to  opaque. 

Comp.— (PbCl)Pb,(VO,)„  also  written  3Pb,V,0,.PbCl,  =  Vanadium  pent- 
oxide  19*4,  lead  protoxide  78*7,  chlorine  2*5  =  100*6,  or  Lead  vanadate  90'2^ 
lead  chloride  9*8  =  100. 

Phosphorus  is  sparinglv  present,  also  sometimes  arsenic,  both  replacing 
vanadium.     In  endlichite  the  ratio  of  Y  :  As  =  1  :  1  nearly. 

Pyr.,  etc. — In  the  closed  tube  decrepitates  and  yields  a  faint  white  sublimate.  6.B. 
fuses  easily,  and  on  charcoal  to  a  black  lustrous  mass,  which  in  R.F.  yields  metallic  lead 
and  a  coating  of  lead  chloride;  after  completely  oxidizing  the  lead  in  O.F.  the  black 
residue  ^ves  with  salt  of  phosphorus  an  emerald-green  bead  in  R.F.,  which  becomes  light 
yellow  in  O.F.  Gives  the  chlorine  reaction  with  the  copper  test.  Decomposed  by 
hydrochloric  acid. 

Oba. — First  discoTered  at  Zimapan  in  Mexico.  Later  obtained  at  Wanlockhcad  in 
Dumfriesshire;  also  at  Berezov  in  the  tlral,  with  pyroroorphite;  ;ind  near  Eappel  in 
Carinthim  in  crystals;  at  Undenito,  BOlet,  Sweden.  In  the  Sierra  de  06rdoba,  Argentine 
Republic. 

In  the  U.  States,  sparingly  near  Sin^  Sing,  N.  Y.  Abundant  in  the  mining  regions  of 
Arizona  srnd  New  Mexico,  often  associated  with  wulfenite  and  descloizite;  in  Arizona,  at 
the  mines  in  Yuma  Co.,  in  brilliant  deep  red  crystals;  Vulture,  Phoenix,  etc.,  in  Maricopa 
Co. ;  the  Mammoth  eold  mine,  near  Oracle,  Pinal  Co.  In  New  Mexico,  at  Lake  Valley, 
Sierra  Co.  {endlichite)\  and  the  Mimbres  mines  near  Georgetown. 

Hedtphanb.  From  L&ngban,  Sweden;  has  ordinarily  been  included  as  a  calcium 
variety  of  mimetite,  but  is  now  made  monoclinic.  Massive,  cleavable.  Color  yellowish 
white. 

Svabite.  A  calcium  arsenate,  related  to  the  species  of  the  Apatite  Group.  Crystal* 
hexagonal  prisms;  colorless;  h  =  0-7143.  H.  =  6.  G.  =  8-52.  From  the  Harstig  mine, 
Pajsberg,  Sweden. 


Wasrnerite  Group.     Monoclinic. 

a\i  :  i  P 

Wagnerite  (MgP)MgPO,  1-9145  : 1  :  1-5059;  71°  53' 

Triplite  (BF)RPO„  E  =  Pe  :  Mn  =  2  :  1, 1 :  1,  etc 

Triploidite  (BOH)RPO„   R  =  Mn  :  Pe  =  3  : 1    1-8572  :  1  :  14925;  71°  46' 

AdeUte  (MgOH)CaA80,  2-1978  :  1  :  1-5642;  73°  15' 

Tilasite  (MgF)CaA80, 

Sarkinite  (MnOH)MnA80,  2-0017  :  1  : 1-5154;  62°  13^' 
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Phosphates  (and  arsenates)  of  magnesinm  (calcium),  iron  and  manganese 
containing  fluorine  (also  hydroxyl).    Formula  B,FPO^  or  (BF)RPO^  etc. 

WAONBRITB. 

Monoclinic.  Axes,  see  p.  501.  Crystals  sometimes  large  and  coarse.  Also 
massive. 

Cleavage:  a,  m  imperfect;  c  in  traces.  Fracture  uneven  and  splinierv. 
Brittle.  H.  =  5-5-5.  G.  =  307-3-14.  •  Luster  vitreous.  Streak  white. 
Color  yellow,  of  different  shades;  often  grayish,  also  flesh-red,  greenish. 
Translucent. 

Comp. — ^A  fluo-phosphate  of  magnesium,  (MgFjMgPO^  or  Mg,P,0,.MgF, 
=  Phosphorus  pentoxide  43*8,  magnesia  49*3,  fluorine  11'8  =  104*9,  deduct 
(0  =  2F)  4*9  =  100.    A  little  calcium  replaces  part  of  the  magnesium. 

Pyr..  etc. — B.B.  in  the  forceps  fuses  at  4  to  a  greeuish-gmy  glass;  moistened  with 
sulphuric  acid  colors  the  flame  bluish  green.  With  borax  reacts  for  iron.  On  fusion  with 
sodti  effervesces,  but  is  not  completely  dissolved;  gives  a  faint  manganese  reaction.  Fused 
with  salt  of  phosphorus  in  an  open  glass  tube  reacts  for  fluorine.  Soluble  in  nitric  and 
hydrochloric  acids.    With  sulphuric  acid  evolves  fumes  of  hydrofluoric  add. 

OhB,— Wag nerita  (in  small  highly  modified  crystals)  occurs  in  the  valley  of  HOllen- 
graben.  near  Werfen,  in  Salzburg,  Austria.  ^r*Uflne  (massive,  cleavable;  also  in  coarse 
crysUils)  is  from  KjOrrestad,  near  Bamle,  Norway. 

Spodiosite.  A  calcium  fluo-pbosphate,  perhaps  (CaF)CaP04.  In  flattened  prismatic 
crystals.    Q.  =  2*04.    Color  ash-gray.    From  the  Ki-augrufva,  Wermland,  Sweden. 

TRIPUTII. 

Monoclinic.  Massive^  imperfectly  crystalline.  Cleavage:  unequal  in  two 
directions  perpendicular  to  each  other,  one  much  the  more  distinct.  Fracture 
amall  conchoidal.  H.  =  4-5*5.  G.  =  3'44-3*8.  Luster  resinous,  inclining  to 
adamantine.  Color  brown  or  blackish  brown.  Streak  yellowish  gray  or 
brown.     Subtranslucent  to  opaque. 

Comp.,  Yar.— (RF)RPO  or  E,PJC)..RF,  with  B  =  Fe  and  Mn,  also  Ca  and 
Mg.  The  ratio  varies  widely  from  Fe  :  Mn  =  1  :  1  to  2  :  1  (zwieselite);  1:2: 
1:7. 

Talklriplite  is  a  variety  from  HorrsjOberg;  contains  magnesium  and  calcium  in  large 
amount. 

P3rr..  etc. — ^B.B.  fuses  easily  at  1-5  to  a  black  magnetic  globule;  moistened  wiih 
sulphuric  acid  colors  the  flame  bluish  green.  With  borax  iu  O.F.  irives  an  nmeibystine- 
colored  glass  (manganese);  in  R.F.  a  strong  reaction  for  iron.  With  soda  reticts  for 
mangjinese.    With  sulphuric  acid  evolves  hydrofluoric  acid.     Soluble  in  liydrocbloric  ariil. 

Obs— Found  by  Alluaud  nt  Limoges  in  France;  Helsingfors,  Finland;  Stoneiiam. 
Mtiiiie:  Rranchville,  Conn.  ZwieMlits,  a  clove-brown  variety,  is  from  Rabenstein.  ut^ir 
Zwiesel  in  Buvaria. 

Griphitb.  a  problematical  phosphate  related  to  Iriplite  occurring  in  embedded  reni- 
forni  nmsses.    From  the  Riverton  lode  near  Harney  City,  Pennington  Co.,  S.  Dakota. 

Triploidite.  Like  triplite,  but  with  the  F  replaced  by  (OH).  Commonly  in  crys'alline 
aggregates.  Fibrous  to  columnar.  -H.  =  4*5-5.  G.  =3*697.  Color  yellowish  to  reddish 
brown.     From  Branch vi lie,  Fairfield  Co.,  Conn. 

AdeUte.  (MgOH)CaAs04.  Monoclinic.  Axes,  see  p.  501 :  also  massive.  H.  =  5.  G.  = 
8  74.     Color  gray  or  grayish  yellow.     From  Nordmark  and  L&ngban,  Sweden. 

Tilasite.     Like  adelite,  but  contains  fluorino.     From  L&ngban. 

Sarkinite.  (MnOH)MnAs04.  In  monoclinic  crystals;  nl«o  in  spherical  forms.  G.  = 
4  17.  Color  rose-red.  flesh-red,  reddish  yellow.  From  the  iron-mnnganese  mines  of  Pajs- 
berg.  Sweden.  Polyarunite  from  the  'SjO  mine,  Grythytte  parish,  Orebro,  Sweden,  is 
essentially  the  same. 
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Herderite.  A  fluo-pbospbale  of  berjrllium  and  calcium,  (CaF)BeP04  with  (CaOfI)BeP04. 
lu  prismutic  crystals,  monoclinic  with  complex  twiuuing.  H.  =  5.  G.  =  2  99-8 '01. 
Luster  vitreous.  Color  yellowish  and  greeuish  white.  From  the  tin  mines  of  Ehreii- 
friedersdorf,  Saxony;  also  at  Stoueham,  Auburn  and  Hebron,  Maine. 

Hamlinite.  A  basic  phosphate  of  aluminium  and  strontium.  In  colorless  rbombohedral 
crystals.  H.  =  4*5.  G.  =  3*1^3*28.  Occurs  with  herderite,  bertrandite,  etc.,  at  Stone- 
ham.  Maine. 

Dorangita.  A  fluo-arsenate  of  sodium  and  aluminium,  Na(AIF)As04.  In  monoclinic 
crystals.     G.  =  3'94-4  07.     Color  omnge-red.     From  Duraugo,  Mexico. 

AMBIjYCK)NITXS.     Hebronite. 

Triclinic.  Crystals  large  and  coarse  (Fig.  20,  p.  10);  forms  rarely  distinct. 
Usually  cleavable  to  columnar  and  compact  massive.  Polysynthetic  twinning 
hunellas  common. 

Cleavage:  c  perfect,  with  pearly  luster;  a  somewhat  less  so,  vitreous; 
t'  (03l)  sometimes  equally  distinct ;  M  (lIO)  difficult;  ca  =  75°  30',  ce  =  74^ 
40',  cM  =  92*"  20'.  Fracture  uneven  to  subconchoidal.  Brittle.  H  =  6. 
G.  =  3'01-309.  Luster  vitreous  to  greasy,  on  c  pearly.  Color  white  to  pale 
greenish,  bluish,  yellowish,  grayish  or  brownish  white.  Streak  white.  Sub- 
transparent  to  translucent. 

Comp.  —  A  fluo-phosphate  of  aluminium  and  lithium,  Li(AlF)PO^  or 
AlPO^.LiP  =  Phosphorus  pentoxide  47*9,  alumina  34'4,  lithia  10  1,  fluorine 
r3-9  =  105-3,  deduct  (0  =  2F)  5*3  =  100.  Sodium  often  replaces  part  of  the 
lithium,  and  hydroxyl  part  of  the  fluorine. 

Pyr.,  etc. — In  tlie  closed  tube  yields  water,  which  at  a  bigh  beat  is  acid  and  corrodes 
thu  glass.  B.B.  fuses  easily  (at  2}  with  intumescence,  and  becomes  opaque  while  on  cooling. 
Colors  the  flame  yellowish  red  with  traces  of  green;  the  Hebron  variety  gives  an  intense 
lithia-red;  moistened  with  sulphuric  acid  gives  a  bluish  green  to  the  flame.  With  bornx 
:u]d  s:iU  of  phosphorus  forms  a  transparent  colorless  glass.  In  tine  powder  dissolves  easily 
iu  sulphuric  acid,  more  slowly  in  hydrochloria  acid. 

DiSff.— Distinguished  by  its  easy  fusibility  and  by  yielding  a  red  flame  B.B.,  from  feld- 
spar, barite,  calcite,  etc. ;  also  by  the  acid  water  in  the  tube  from  spodumene. 

Oba. — Occurs  near  Penig  in  Saxony;  Arendal,  Norway;  Monlebras,  Creuze,  France. 
In  the  U.  States,  in  Maine,  at  Hebron:  also  at  Paris,  Peru,  etc.;  Branchville,  Conn. 

The  name  amblygonite  is  from  (xjj^XlS,  blunt,  and  yorv,  angle.  i 

B.   Basic  Phosphates. 

This  section  includes  a  series  of  well-characterized  basic  phosphates,  a 
number  of  which  fall  into  the  Olivinite  Group.  Acid  phosphates  are  repre- 
sented by  one  species  only,  the  little  known  monetite,  probably  HCaPO^, 
see  p.  507. 

Olivenite  Group.     Orthorhombic. 

OUvenite  Cu,(0H)A80,  0'9396  :  1  :  06726 

Libethenite  Cu,(OH)PO,  0-9601  :  1  :  07019 

Adamite  Zn,(0H)A80,  0-9733  :  1  :  0-7158 

Descloizite  (Pb,Zn),(OH)VO, 

&:h:d  =  0-6368  :  1  :  0*8045  or  fa  :  J  :  (5  =  0*9552  :  1  :  0-8045 
Cuprodescloizite  (Pb,Zn,Cu),(OH)VO, 

The  Olivekitb  Group  includes  several  basic  phosphates,  arsenates,  etc.,  of 
xjopper,  zinc,  and  lead,  with  the  general  formula  (BOH)RPO,,(ROH)RAsO,, 
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etc.  They  crystallize  in  the  orthorhombic  system  with  similar  form.  It  is  to 
be  noted  that  this  group  corresponds  in  a  measure  to  the  monoclinic  Wagnerite 
Group,  p.  501,  which  also  includes  basic  members. 


OLIVXSNITB. 

Orthorhombic. 

942. 


Axes  &ilxt  =  0-9396  :  1  :  0'6726. 


/^ 


110  A  110  =  86'*  26'. 
101  A  101  =  IV  Hi'. 


<»',  Oil  A  Oil  =  67"*  51'. 
w,  101  A  Oil  =  47*  34'. 


Crystals  prismatic,  often  acicular.  Also  globular  and  reniforni. 
indistinctly  fibrous,  fibers  straight  and  divergent,  rarely  irregular; 
also  curvea  lamellar  and  granular. 

Cleavage:    w/,  b,  e  (Oil)  in  traces.     Fracture  conchoidal  to 
uneven.    Brittle.    H.  =  3.    G.  =  4*l-4*4.    Luster  adamantine  lo 
J/  vitreous;  of  some  fibrous  varieties  pearly.   Color  various  shades  of 
X^^^^     olive-green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish 
green;  also  liver-  and  wood-brown;  sometimes  straw-yellow  auJ 
grayish  white.    Streak  olive-green  to  brown.     Subtransparent  to  opaque. 

Var. — (a)  Crystallized,  {h)  Fibrous;  fiuely  and  divergently  fibrous,  of  greeu,  yellow, 
brown  aud  gray,  to  white  colors,  with  the  surface  sometimes  velvety  or  acicular;  founl 
investing  the  common  variety  or  passing  into  it;  called  woodeopper  or  toood  arsetiate.  K' 
EkirViy;  nodular  or  massive;  sometimes  soft  enough  to  soil  the  fingers. 

Comp,— Cu,As,O..Cu(OH),  or  4CuO.As,O^.H,0  =  Arsenic  pentoxide  40-7, 
cupric  oxide  561,  water  32  =  100. 

Pyr.,  etc.— In  the  close(i  tube  gives  water.  B.B  fuses  at  3.  coloring  the  flame  bluish 
green,  and  on  cooling  the  fused  mass  appears  crystalline.  B.B.  on  cbArcoal  fuses  wi!:i 
deflagration,  gives  off  arsenical  fumes,  and  yields  a  metallic  arsenide  which  with  soda  vie ji> 
a  g  obule  of  copper.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs. — The  crystallized  varieties  occur  in  Cornwall,  at  various  mines:  Tavistock.  i:i 
Devonshire:  in  Tyrol;  the  Banat;  Nizhni  Tagilsk  in  the  Ural;  Chili.  In  the  U.  S..  in 
Utah,  at  the  American  Ea^le  and  Mammoth  mines,  Tintic  district,  both  in  crystals  aud 
wood-copper.    The  name  olivenite  alludes  to  the  olive-green  color. 


lilBBTHBNITB. 

Orthorhombic. 


mm'",  110  A  110  =  87' 4^. 
«j',       Oil  A  Oil  =  70'    8'. 


Axes  a:h:6  =  09601  :  1  :  0-7019. 
«"',  111  A  111  =  59''   4J'. 

««'.  Ill  A  ill  =  er  47V. 


943. 


In  crystals  usually  small,  short  prismatic  in  habit;  often 
united  in  druses.     Also  globular  or  reniform  and  compact. 

Cleavage :  a,  b  very  indistinct.  Fracture  subconcnoidal 
to  uneven.  Brittle.  H.  =  4.  G.  =  3'6-3'8.  Luster  resinous. 
Color  olive-green,  generally  dark.  Streak  olive-green.  Trans- 
lucent to  subtranslucent. 

Comp.  — Cu,P,O.Cu(OH),  or  4CuO.P,O.H,0.  =  Phosphorus  pentoxide 
29-8,  cupric  oxide  66A,  water  3*8  =  100. 

Pyr.,  etc.— In  the  closed  tube  yields  water  and  turns  black.  B.B.  fuses  at  2  and  colors 
the  flame  emerald- jrreen.  On  charcoal  with  soda  gives  metallic  copper,  someiiroes  also  ?  n 
arsenical  odor.  Fused  with  metallic  lead  on  charcoal  is  reduced  to  metallic  copper,  with 
the  formation  of  lead  phosphate,  which  treated  in  R.P.  gives  a  crystalline  polyhedral  bea^: 
on  cooling.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obs.— Occurs  with  cbalcopyrite  at  Li  bet  hen,  near  Neusohl.  Huneary;  at  Rheinbreitrr - 
bach  and  Ehl  on  the  Rhine;  at  Nizhni  Tagilsk  in  the  Ural;  in  small  quantities  inCoriiwaU 
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Adamite.  ZuaAs,0t.ZD(0H)3.  In  small  crystals,  often  grouped  in  crusts  and  granular 
aggregations.  H.  =  8*5.  G.  =  4'34-4*35.  Color  honej-yellow,  violet,  rose-red,  green. 
colurless.  From  Cbafiarcillo,  Chili;  Cap  Garunne,  France;  at  the  ancient  zinc  mines  of 
L:iurion,  Greece. 

Dewjloisite.  R,V90,.R(OH),  or  4RO.V,0».HaO;  R  =  Pb,  Zn  chiefly,  and  usually  in 
the  ratio  1  : 1  approx.  In  small  crystals,  often  drusy;  also  massive,  fibrous  radiated  with 
riiammillary  surface.  H.  =  8*5.  G.  =  5*9-6*2.  Color  cherry-red  and  brownish  red,  to 
litjht  or  dark  brown,  black.^    Streak  orange  to  brownish  red  or  yellowish  gray. 

From  the  Sierra  de  Cordoba,  Argentina;  Kappel  in  Cannthia.  Abundant  at  Lake 
VjiUey,  Sierra  Co.,  New  Mexico,  also  near  Georgetown;  in  Arizona  near  Tombstone;  in 
Yavapai  Co. ;  at  the  Mammoth  Gold  mine,  near  Oracle,  Pinal  Co. 

A  massive  variety,  containing  copper  (6*5  to  9  p.  c.)>  iu  crusts,  and  reniform  masses  with 
radiated  structure,  occurs  in  San  Luis  Potosi,  also  in  a  vein  of  argentiferous  galena  in 
Zaeatecas,  Mexico;  it  has  been  variously  named  iritocfiorite,  euprodesehissite,  ramirite.  A 
similar  variety  (11  p.  c.  CuO)  occurs  as  an  incrustation  on  quartz  at  the  Lucky  Cuss  mine, 
Tombstone,  Cochise  Co.,  Arizona. 

EusYNCHiTE  may  be  identical  with  descloizite.  Massive:  in  nodular,  stalactitic  forms. 
(r.  =  5*596.  Color  yellowish  red,  reddish  brown,  greenish.  From  Hofsgrund  near  Frei- 
)iiirg  in  Baden.  The  same  may  be  true  of  araoxene  from  Dahn  near  Nieder-Schlettenbach» 
Khenish  Bavaria. 

Dechenite.  Composition  usually  accepted  as  PbVaOt.  Massive,  botryoidal,  nodular. 
G.  =  5-6-5 '81.  Color  deep  red  to  yellowish  red  and  brownish  red.  From  Nieder-Schlet- 
lenbnch  In  the  Lauterthal,  Rhenish  Bavaria. 

Oalciovolborthite.  Probably  (Cu,Ca).VaO,.(Cu,Ca)(OH)a.  In  thin  green  tables;  also 
jray,  fine  crystalline  granular.     From  Friedrichsrode,  Thuringla. 

BrackeboBohite.  Near  descloizite  (monoclinic?).  From  the  State  of  Cordoba,  Ar- 
L'entiua. 

Psittacinite.  A  vanadate  of  lead  and  copper,  from  the  Silver  Star  District,  Montana. 
In  thin  coatings:  also  pulverulent.     Color  siskin-  to  olive-green. 

MoTTRAMiTB.  A  Vanadate  of  lead  and  copper;  possibly  identical  with  psittacinite; 
in  velvety  black  incrustations.    From  Mottram  St.  Andrew's,  Cheshire,  England. 


OUNOOIiASITB.     Elinoklas.    Aphan^se. 

Monoclinic.     Axes  a  :  i  :  <5  =  1-9069  :  1 :  3*8507;  /3  =  80"*  30'. 

Crystals  prismatic  (m);  also  elongated  ||  i;  often  grouped  in  nearly  spherical 
forms.     Also  massive,  hemispherical  or  reniform;  structure  radiated  fiorous. 

Cleavage:  c  highly  perfect.  Brittle.  H.  =  2-5-3.  G.  =  419-4-37;  4-37 
rtah.  Luster:  c  pearly;  elsewhere  vitreous  to  resinous.  Color  internally 
•lark  verdigris-green;  externally  blackish  blue-green.  Streak  bluish  green. 
Subtransparent  to  translucent. 

Comp — Cu,A8,0..3Cu(OH),  or  6CuO.As,0..3H,0  =  Arsenic  pentoxide 
30-3,  cupric  oxide  62-6,  water  7-1  =  100. 

Pyr.,  eto. — Same  as  for  olivenite. 

Obs.  -Occurs  in  Cornwall,  with  other  ores  of  copper.  In  Utah.  Tintic  district,  ^t  the 
Mammoth  mine.  Named  in  allusion  to  the  basal  cleavage  being  oblique  to  the  sides  of  the 
prism.  ^ 

Erinita.  CusA890ii.2CnfOH)t  In  mammillnted  crystalline  groups.  Color  fine  emer- 
ald green.    JProm  Cornwall;  also  the  Tintic  district,  Utah. 

Dihydrite.  Cu.P,0».2Cu(OH),  In  dark  emerald-green  orvstals  (monoclinic). 
H.  =  4-5-5.     G.  =  4-4-4.     From  Ehl  near  Linz  on  the  Rhine;  the  Ural.  etc. 

Pseudomalachite.  In  part  CusPsO.SCnCOH),.  Massive,  resembling  malachite  in  color 
and  structure.     From  Rheinbreitenbach;  Nizhni  Tagilsk,  etc.     Ehlite  is  closely  allied. 

OhondrarMnite.  Perhaps  Mn,A8,0«.3Mn(OH),.  In  small  embedded  grains.  Color 
yel'ow  to  reddish  yellow.     From  the  Pajsher^  mines.  Sweden. 

Xaivthaksenitb.  Near  chondrarsenite.  but  contains  more  water.  In  sulphur-yellow 
grains;  massive.     From  the  SjO  mine,  parish  of  Grythytte,  Sweden. 
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BUFRBNTTB.     Einurile. 

Orthorhombic.  Crystals  rare^  small  and  indistinct.  Usnally  massive,  in 
nodules;  radiated  fibrous  with  drusy  surface. 

Cleavaffe:  a,  probably  also  b,  but  indistinct.  H.  =  3*5-4.  G.  =  3'2-3'4. 
Luster  silky,  weak.  Color  dull  leek-green,  olive-green,  or  blackish  green; 
alters  on  exposure  to  yellow  and  brown.  Streak  siskin-green.  Subtransluceut 
to  nearly  opaque.     Strongly  pleochroic. 

Comp.— Doubtful;  in  part  FePO,.Fe(OH),  =  2Fe,0,.P,0.-3H,0  =  Pbos- 
phorus  pentoxide  27*5,  iron  sesquioxide  62-0,  water  10'6  =  100. 

Pyr.,  etc. — Same  as  for  viyianite,  but  less  water  is  given  out  in  the  closed  tube.  B.B 
fuses  easily  to  a  slag. 

Obs.- Occurs  near  Anglar,  Dept.  of  Haute  Vieuue,  and  at  Hirscbberg  iu  Westpbaliu; 
from  the  Hotbi&ufchen  mine  near  Waldgirmes;  St.  Beni^ua,  Bohemia;  East  Cornwall. 

Iu  the  United  States,  at  Alleutown,  N.  J.;  io  Rockbridge  Co.,  Va.,  in  radiated  coarsely 
fibrous  masses. 

LAZUIiim. 

Monoclinic:  Axes  a:i:d  =  09750  :  1  : 1-6483;  /3  =  89**  14'. 

944.  at,     100  A  101  =  30"  24'.  ee\   111  A  Hi  =  80'  gO*. 

pj/.  111  A  111  =  79"  40'.  pe.    111  A  111  =  82'  SC. 

Crystals  usually  acute  pyramidal  in  habit.  Also  mass- 
ive, granular  to  compact. 

Cleavage;  prismatic,  indistinct.  Fracture  uneven. 
Brittle.  II.  =  5-6.  G.  =  3'057-3-122.  Luster  vitreous. 
Color  azure- blue;  commonly  a  fine  deep  blue  viewed  alon? 
one  axis,  and  a  pale  greenish  blue  along  another.  Streak 
white.     Subtransluceut  to  opaque. 

Comp.— RA1,(0H),P,0.  or  2AlP0,.(Fe,Mg)(0H),  with 
Fe  :  Mg(Ca)  =  1  :  12, 1  :  6,  1  :  2,  2  :  3  (Rg.).  For  1  :  2  tlit 
formula  requires :  Phosphorus  pentoxide  45*4,  alumina  3*2i), 
iron  protoxide  7*7,  magnesia  8*5,  water  5*8  =  100. 
Pyr.,  etc.— In  the  closed  tube  whitens  and  yields  water.  B.B.  with  cobalt  solution  ilu- 
blue  color  of  the  mineral  is  restored.  In  the  forceps  whitens,  cracks  open,  swells  up.  arni 
without  fusion  falls  to  pieces,  coloring  the  flame  bluish  green.  The  green  color  is  niadi 
more  intense  by  moistening  the  a-ssay  with  sulphuric  acid.  With  the  fluxes  gives  an  iron 
glass;  with  soda  on  charcoal  nn  infusible  mass.  Unacted  upon  by  acids,  retaining  perfectly 
Its  blue  color. 

Oba.— Occurs  near  Werf en  in  Salzburg;  Krieglach,  in  Styrla;  also  HorrsjObere,  Sweden. 
Abundant  with  corundum  at  Crowder's  Mt.,  Gaston  Co.,  N.  C;  and  on  Gknves  Mt.. 
Lincoln  Co.,  Ga.,  with  cyanite,  rutile,  etc. 

The  name  lazulite  is  derived  from  an  Arabic  word,  aeul,  meaning  ?tem9en,  and  alludes  to 
the  color  of  the  mineral. 

Tavistockite.  Crt3PaOs.2Al(OH)s.  In  microscopic  acicular  crystala,  sometimes  stel 
late  groups.     Color  while.    From  Tavistock,  Devonshire. 

OirroUte.  Perhaps  Ca,Al(P04)i.AU0H)».  Compact.  G.  =8*08.  Color  pale  yellow. 
Occurs  at  the  iron  mine  at  ^estan&,  in  Bcania.  Sweden. 

Arseniosiderite.  Ca»Fe(As04)..8Pe(OH)«.  In  yellowish  brown  fibrous  concretions. 
G.  =  3-520.    From  Romaodche,  near  Mdcon,  France;  also  at  Schneeberg,  Saxony. 


Allaotite.  MntAs30fi.4Mn(OH)3.  In  small  brownish-red  prismatic  crystals.  From 
the  Moss  mine.  Nordmark.  and  at  L&ngban,  Sweden. 

Synadelphite.  2(Al.Mn)As04.5Mn(OH)a.  In  prismatic  crystals;  also  in  grains.  G.= 
3-45-3  50.    Color  brownish  black  to  black.    From  the  Moss  mine.  Nordmark.  Sweden. 

FUnkite.    MnAs04.2Mn(On)a.    In  minute  orthorhombic  crysUls,  tabular  |  c;  groupca 
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ill  featber-]ike  aggregates.     G.  =  3*87.     Color  greenish  brown.    From  the  Harstig  mine. 
Pa js berg.  Sweden. 

Hematolite.  Perhaps  (A1,Mn)A804.4MD(OH)t.  In  rhombohedral  crystals.  Q.  = 
:^30-3  40.  Color  brownish  red,  black  on  the  surface.  From  the  Moss  mine,  Nordmurk, 
Sweden. 

Retzian.  A  basic  arsenate  of  the  yttrium  earths,  manganese  and  calcium.  In  ortho- 
rhombic  crystals.  H.  =4.  G.  =  4-16.  Color  chocolate-  lo  chestnut-brown.  From  the 
Moss  mine,  Nordmark,  Sweden. 

n  m  n  in 

Aneniopleite.  Perhaps  U»K,(OH)e(AsO«)«;  K  =  Mu,  Ca,  also  Pb,  Mg;  R  =  Mu^ 
also  Fe.  Massive,  cleavable.  Color  brownish  red.  Occurs  at  the  SjO  mine,  Grythytte 
parish.  Sweden,  with  rhodonite  in  crystalline  limestone. 


Manganostiblite.  Hematostibiite.  Highly  basic  manganese  antimonates.  In  em- 
bedded grains.  Color  black.  Manganostibiiie  occurs  at  Nordmark,  Sweden;  hematosUbUte 
is  from  ihe  SjO  mine,  Grythytte  parish. 

Atelestite.  Basic  bismuth  arsenate,  HaBitAsOs.  In  minute  tabular  crystals.  G.  = 
64.     Color  sulphur-yellow.     From  Schneeberg,  Saxony. 

C.  Normal  Hydrous  Phosphates,  etc. 

The  only  important  group  among  the  normal  hydrous  phosphates  is  the 
monoclinic  Vivianite  Group. 

Stmvite.  Hydrous  ammonium-magnesium  phosphate.  In  orthorhombic-hemimorphic 
crystals  (Fig.  307,  p.  98 j;  white  or  yellowish;  slightly  soluble.     From  guano  deposits. 

Oollophanite.  CfttPaOj  -f- 11,0.  In  layers  resembling  eymnite  or  opal.  Colorless  or 
snow-white.  From  the  isliiud  of  Sombrero.  Monite  is  similar,  from  the  islands  Moua  and 
Moneta  in  the  West  ludies.  where  it  is  associated  with  monetite,  HCaPO*,  occurring  iuycllow- 
i^li-white  tricliuic  crystals 

Pykophosphoritb.  MgaPaOt  -f  4(Ca8PaOg  -h  CaaPaOr).  Massive,  earthy.  Color 
jiiiow- white,  dull.     From  the  West  Indies. 


Hopeite.  Probably  hydrous  zinc  rhosphate,  ZiiaPaOg-f  HaO.  In  minute  prismatic 
crvstals.  Also  in  reniform  masses.  G.  =  2-7&-2  85.  Color  grayish  white.  Found  iu 
vavitios  in  calamine  at  the  zinc  mines  of  Allenberg,  near  Aix-la-Chai>elle.  The  composition 
iriven  is  that  of  the  artificial  mineral. 

Dickinaonite.  3R,P,Og  -j-  H,0  with  R  =  Mn,  Fe.  Na,  chiefly,  also  Cn,  K,,  Li,  In 
ttbular,  pseudo-rhombohedral  crystals;  commonly  foliated  to  micaceous.  G.  =  3'838- 
:j  343.     Color  olive-  to  oil-green,  grass-green.     From  Branchville,  Fairfield  Co.,  Conn. 

Fillowite.  Formula  as  for  dickinsonite  and  also  from  Branchville,  but  differing  in 
angle.  In  granular  crystalline  masses.  G.  =  3-43.  Color  wax-yellow,  yellowish  to  red- 
(ii.>>h  brown,  colorless. 


The  three  following  tricliuic  species  are  related  in  composition  and  may  be  in  crystalline 
form. 

Roselite.  (Ca.Co.Mg^sAsaOg  4-  211,0.  In  small  ciystals;  often  in  druses  and  spherical 
asjjirregates.     G.  =  3  5-3  6.     Color  light  to  dark  rose-red.     From  Schneeberg,  Saxony. 

Brandtite.  CaaMnA^Og  -f-  2H,0.  In  prismatic  crystals;  crystals  often  united  in 
raliated  groups.  G.  =  3  671-3-673.  Colorless  to  white.  From  the  Harstig  mine,  near 
Pajsberg,  Sweden. 

Fairfieldite.  A  hydrous  phosphate  of  calcium  and  manganese.  CaaMnPaOs  +  211,0. 
In  prismatic  crystals;  usually  iu  foliated  or  fibrous  crystalline  aggregates.  G.  =  8'07-3-15. 
Cohir  white  or  peenish  white  to  pale  straw-yellow.  From  Branchville,  Fairfield  Co., 
Conn.;  iiabenstein,  Bavaria  (tewc£wu»w^amte). 


Messelite.   (Ca,Fe),P,0.  +  2|HaO.   In  minute  tabular  crystals.     Colorless  to  brownish. 
From  near  Messel  iu  Hesse. 
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Reddingite.  MDtPsO«  -f  3HtO.  lo  ortborhombic  crystals  near  scorodite  id  aogle;  al»^ 
gmuular.     G.  =  8'102.     Color  pinkish  white  lo  yellowish  white.     From  Branch ville,  Cold. 

Picropharmacolite.  HaAssOt  -f  6HtO,  with  R  =  Ca :  Mg  =  5:1.  In  small  spherical 
forms.     Color  white.     From  Riechelsdorf ;  Freiberg;  Joplin,  Mo. 

Trichalcite.  CutAssOt  -f  5HaO.  In  radiated  groups,  columnar;  dendritic.  Color 
verdigris-green.    From  the  Turgiusk  copper  mine. 

Yivianite  Group.     Monoclinic. 

Vivianite  Fe,P,0,  +  SH,0        a  :  i  :  (J  =  0-7498  : 1  :  07015      ft  =  75°  :]4' 

Symplesite  Fe,As,0,  +  8H,0  0-7806  : 1 :  06812  72°  43' 

Bobienite  Mg,P,0,  +  8H  0 

HoBrnesite  Mg,As,0,  +  8H,0 

Erythrite  Co,As,0,  +  8H,0  075      : 1  : 0-70  75° 

Annabergite  Ni^As,0,  +8H,0 

Cabrerite  <  Ni  ,M  g),Aa,0,  +  8H,0 

Kottigite  Zn^As^O.  +  8H,0 

The  Vivianite  Group  includes  hydrous  phosphates  of  iron,  magnesium, 
cobalt,  nickel  and  zinc,  all  with  eight  molecules  of  water.  The  crystallization 
is  monoclinic,  and  the  angles  so  far  as  knc^u  correspond  closely. 

ViVIANITXS. 

Monoclinic.  Crystals  prismatic  (m?»'"  =  71°  58');  often  in  stellate 
groups.  Also  reniform  ana  globular;  structure  divergent,  fibrous,  or  earthy; 
also  incrusting. 

Cleavage:  ft  highly  perfect;  a  in  traces;  also  fracture  fibrous  nearly  J.?^. 
Flexible  in  thin  laminaB;  sectile.  H.  =  l'5-2.  G.  =  2-58-2-68.  Luster, /> 
pearly  or  metallic  pearly;  other  faces  vitreous.  Colorless  when  unaltered, 
blue  to  green,  deepening  on  exposure.  Streak  colorless  to  bluish  white, 
changing  to  indigo-blue  and  to  liv^r-brown.  Transparent  to  translucent; 
opaque  after  exposure.     Pleochroism  strong. 

Comp. — Hydrous  ferrous  phosphate,  Fe,P,0,  +  8H,0  =  Phosphorus  pen- 
toxide  28-3,  iron  protoxide  43-0,  water  287  =  100. 

Many  analyses  show  the  presence  of  iron  sesquioxide  due  to  alteration. 

Pyr.,  etc. — In  the  closed  tube  yields  neutral  water,  whitens,  and  exfoliates.  B.B. 
fuses  at  1*5,  coloring  the  flame  bluish  green,  to  a  grayish  black  magnetic  globule.  Wiib 
the  fluxes  reacts  for  iron.     Soluble  in  hydrochloric  acid. 

Obs.— Occurs  associated  with  pyrrhotile  and  pyrite  in  copper  and  tin  veins;  sometimes 
in  narrow  veins  with  gold,  traversing  graywacke;  both  friable  and  crystallized  in  beds  of 
clay,  and  sometimes  associated  with  limonilc,  or  bog  iron  ore;  often  in  cavities  of  fossils 
or  buried  boues. 

Occurs  at  St.  Agnes  and  elsewhere  in  Cornwall;  at  Bodenmais;  the  gold  mines  of 
Verespatnk  iu  Transylvania.  The  enrlhy  variety,  sometimes  called  blue  iron^arth  or 
native  Prussian  blue  (Fer  azure),  occurs  in'Greenlaiul,  Cariuthia,  Cornwall,  etc. 

In  N.  America,  in  A'<?w  Jersey,  at  Allentown.  Monmouth  Co.,  both  crystallized,  in 
nodule*;,  and  earthy;  at  Mullica  lliU.  Gloucester  Co.  {muUicite),  iu  cylindrical  masses.  In 
Virginia,  in  Si  afford  Co.  In  Kentucky,  near  Eddy  ville.  In  Canada,  with  limonite  at 
Vaudrcuil. 

Symplesite.  Probably  Fex  As^Os  +  8H9O.  In  small  prismatic  crystals  and  in  radiated 
spherical  acri^ro scutes.  G.  =  2*957.  Color  pale  indigo,  inclined  to  celandine-green.  From 
Lobfustein  in  Voigtland;  Htltteuberg,  Cariutbia. 

Bobierrite.  MiTiPaOs  -f  SH^O.  In  aggregates  of  minute  crystals;  also  massive.  Col- 
orless to  while.  From  tlie  guano  of  Mexillones.  on  the  Chilian  coast.  HduirfeuUlite  is 
like  bobierrite,  but  contaius  calcium.     From  Bamlc,  Norway. 

Hoemesite.  MgaAs^Oa -f  SllaO.  In  crystals  resembling  gypsum;  also  columuar: 
stellar-foliated.     Color  suow-white.     From  the  Bauat,  Hungary. 
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SHVTURITB.    Cobalt  Bloom.    Kobaltblathe  Q^rm. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drusy  surface  and  a  columnar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  ft  highly  perfect.  Sectile.  H.  =  1  •6-2-5;  least  on  ft.  G.  =  2-948. 
Luster  of  ft  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtransluceut. 

Comp. — Hydrous  cobalt  arsenate,  Co,As,0,  +  8H,0  =  Arsenic  pentoxide 
38-4,  cobalt  protoxide  37-5,  water  24-1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

P3nr.,  etc. — In  the  dosed  tube  yields  water  at  a  gentle  heat  and  turns  bluish;  at  a  higher 
heat  gives  off  arsenic  tiioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gray  or  black  color.  6.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  eray  arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  giving  a  rose-red  solution. 

Obs.— Occurs  at  Schneeberg  in  Saxony,  in  micuceous  scales;  Wolfach  in  Baden ;  Modum 
in  Norway. 

In  the  U.  S.,  in  Penn.,  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
Id  California.    Named  from  efjvBfjo^,  red. 

Annabergite.  NiiAssO..  +  8HaO.  In  capillary  crystals;  also  massive  and  disseminated. 
Color  fine  apple-green.  From  AUemont  in  Dauphin^;  Annaberg  and  Schneeberg; 
Kiechelsdorf;  in  Colorado:  Nevada. 

Oabrerite.  (Ni,Mg)sAs,Os  +  8H,0.  Like  erythrite  inhabit.  Also  fibrous,  radiated: 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabrera,  Spain;  at  Laurion, 
Greece. 

Kdttigite.  Hydrous  zinc  arsenate,  ZiitA&sOs +  8HaO.  Massive,  or  in  crusts.  Color 
licht  carmine-  and  peach- blossom-red.  Occurs  with  smaltite  at  the  cobalt  mine  Daniel, 
near  Schneeberg. 


Rhabdophanite.  ScoTillite.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  G.  =  8*94-401.  Color  brown,  pinkish  or 
yellowish  white.  RhahdtypJianite  is  from  Cornwall;  Scaoillite  is  from  the  Scoville  (limonite) 
ore  bed  in  Salisbury,  Conn. 

Ohurchite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  flesh-red.    From  Cornwall. 


SOORODITB. 
?46.  Orthorhombic.    Axes  d:l:d  =  0-8658  :  1  :  0-9541. 

dtf,    120  A  120  =  60-  r.  pi/\  111  A  ill  =  111'    6'. 

pj/     111  A  ill  =  77"  8'.  pp"',  111  A  lil  =    65**  20'. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 
Cleavage:   d  imperfect;   a,   b  in   tnices.     Fracture   uneven. 
Brittle.     H.  =  3-5-4.     G.  =  3-1-3-3.      Luster  vitreous   to  sub- 
^^^^       y,,^^      adamantine  and  subresinous.     Color  pale  leek-green  or  liver- 
\\ypX     brown.     Streak  white.     Subtransparent  to  translucent. 
NY  V^  Comp.— Hvdrous  ferric  arsenate,  FeAsO,  +  2H,0  =  Arsenic 

^^  pentoxide  49*8,  iron  sesquioxide  346,  water  15-6  =  100. 

Pyx.,  etc— In  the  closed  tube  yields  neutral  water  and  turns  yellow.     B.B.  fuses 
easily,  coloring  the  flame  blue.    B  B.  on  charcoal  gives  arsenical  fumes,  and  with  soda  a 
black  magnetic  scoria.     With  the  fluxes  reacts  for  iron.    Soluble  in  hydrochloric  acid. 
Obi.— Often  associated  with  nrsenopyrite.    From  Schwarzenberg,  Saxony;  Dernbach, 
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Nassau;  LOlliog,  Cariutbia;  Nerchinsk,  Siberia,  in  fine  crystals;  leek-greeu,  in  the  CorDisb 
miues. 

Occurs  near  Edeuville,  N.  Y.,  with  arseuopyrite;  in  Utah,  Tintic  district,  at  the 
Mammoih  uiiueou  eiiurgiie.   As  an  incrustation  on  siliceoussiuter  of  the  Yellowstone  geysers. 

Named  from  a-Ko/juSoy,  garlic,  nlludiug  to  the  odor  before  the  blowpipe. 

Strengite.  FePOi  +  2HsO.  Crystals  rare:  in  habit  and  angle  near  scorodiie;  generallv 
in  spherical  and  botryoidal  forms.  G.  =  2 '87.  Color  pale  red.  From  iron  mines  near 
Giessen;  also  in  li(x;l(biidge  Co..  Va..  with  dufrenite. 

Phosphosiderite.  2FeP04  -f  3JHaO.  Au  iron  phosphate  near  strengite,  but  with 
8JH«0.     From  the  Siegeu  mining  district,  Germany. 

Barrandite  (Al.Fe)P04  +  2H«0.  In  spheroidal  concretions,  color  pale  shades  of 
gray.    From  Bohemia. 

Variseite.  AIPO4  +  2HsO.  Commonly  in  crystalline  aggregates  and  incrustatious 
with  reuiform  surface.  Color  green.  From  Messbach  in  Saxon  Yoigtland;  Montgomery 
Co.,  Arkansas,  on  quartz;  in  uoilular  masses  from  Utah. 

Oallainite.  AlP04+2iHaO.  Massive;  wax-like.  Color  apple-  to  emerald-green. 
From  a  Celtic  grave  in  Lockmariacjuer. 

Zepharovichite.  AIPO4 -f  8HaO.  Crystalline  to  compact.  Color  yellowish  or  gra3i>b 
white.     From  Trenic  in  Bohemia. 

Koninckite.  FeP04  +  3H,0.  In  small  spherical  aggregates  of  radiating  needles. 
Color  yellow.    From  Richelle,  Belgium. 


Acid  Hydrous  Phosphates,  etc. 

PHARMACOUTB. 

Monoclinic.  Crystals  rare.  Commonly  in  delicate  silky  fibers;  also 
botryoidal,  stalactitic. 

Cleavage:  ^perfect.  Fracture  uneven.  Flexible  in  thin  laminae.  H.  = 
2-25.  G.  =  2'64-2-T3.  Luster  vitreous;  on  b  inclining  to  pearly.  C\m-r 
white  or  grayish;  frequently  tinged  red.  Streak  white.  Transluceut  to 
opiique. 

Comp.— Probably  IICaAsO^  +  211,0  =  Arsenic  pentoxide  53*3,  lime  2o  i>. 
water  20*8  =  100. 

Obs. — Found  with  arsenical  ores  of  cobalt  and  silver,  also  'with  arseuopyrite:  at 
Andrensherg  in  the  Harz;  Riechelsdorf  in  Hesse;  Joachimsthal  in  Bohemia,  cic,  NnniLil 
from  0ttpiiaKov,  poison. 

Haidingerite.  HCaAs04  4-  HaO.  In  minute  crystal  aggregates,  botryoidal  and  drusy. 
G.  =  2  848.     Color  white.     From  Joachimsthal  with  pharmacolite. 

Wapplerite.  HCaAs04  +  3JHaO.  In  minute  crystals;  also  in  incrustations.  Color- 
less to  white.     Found  with  pharmacolite  at  Joachimsthal. 

Bnishite.  HCHP04-i-  SH^O.  In  small  slender  prisms;  concretionary  massive.  Coloi- 
less  to  p-ile  yellowish.  Occurs  in  guano.  Metabrushite,  similarly  associated,  is 
2HCaP04  4-  8H,0. 

Martinite.  Ha('a6(P04)4  +  ^HaO.  From  phosphorite  deposits  (from  guano)  in  the 
island  of  Cura9oii,  W.  Indies. 

Newberyite.  HMgP04  +  8HaO.  In  white  orthorhombic  crystals.  From  guano  of 
Skipton  Caves.  Victoria.  Hannayite,  from  same  locality,  is  a  hydrous  phosphate  of 
ammoDium  and  magnesium. 

Stercorite.  Microcosmic  salt.  HNa'NH4)P04  +  4H,0.  Phosphorsalz  Germ.  In 
white  crystalline  masses  and  nodules  in  guano. 

Hureaulite.  H2Mn6(P04)4  -h  4HaO.  In  short  prismatic  crystals  (monoclinic).  Als»> 
massive,  compact,  or  imperfectly  fibrous.  Color  yellowish,  orange-red.  rose,  grayish 
From  Liint^ges,  commune  of  Hureuux,  France.     In  the  U.  Slates,  at  Branch ville.  Conn. 

Forbesite.  H,(Ni,Co)aAsa08  +  8HaO.  Structure  fibro  -  crystalline.  Color  grayish 
white.     From  Atncama. 
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fiasic  Hydrous  Phosphates,  etc. 

IsocIaBita.  CasPiOa.Ca(OH)a.4H«0.  Id  minute  white  crystals;,  also  columDar.  From. 
Jouchimstbal. 

Hemafibrite.  MDiA8tOii.dMn(OH)«-|-2UiO.  Commonly  in  spherical  radiated  groups. 
Color  brownish  red  to  garuel-red,  booming  black.  From  the  Moss  mine,  Nordmurk, 
Sweden. 

EUCHROITS. 

Orthorhombic.  Habit  prismatic  mw'"=  62°  40'.  Cleavage:  m,  ?i  (Oil) 
in  traces.  Fracture  small  conchoidal  to  uneven.  Rather  brittle.  H.  =  3*5-4. 
G.  =  3  389.  Luster  vitreous.  Color  bright  emerald-  or  leek-green.  'Trans- 
parent to  translucent. 

Comp.— Cn,As,O..Cu(OH),+  6H,0  =  Arsenic  pentoxide  34*2,  cupric  oxido 
47-1,  water  18-7  =  100. 

Obs.— Occurs  in  quartzose  mica  slate  at  Libetheu  in  Huugnry,  in  crystals  of  consider* 
.*;])Ie  size,  having  much  resemblance  to  dioptase.     Named  from  evxfjocx,  beautiful  coioi'. 

Conichalcite.  Perhaps  (Cu,Ca)sAs308.(Cu,Ca)(OH)9 -f-lH,0.  Re ni form  and  massive., 
ii'^einbliug  malachite.  Color  pistachio- green  to  cmerald-greeu.  From  Andalusia,  Spain; 
Tin  lie  district.  Utah. 

Bayldonite.  (Pb.Cu)«As«Oii.(Pb,Cu)(OH>  -{-  H,0.  In  mamillary  concretions,  drusy. 
Color  green.     From  Cornwall. 

Tagilite.  CusPiOs  Cu(OH),  -{-  2HbO.  In  reniform  or  spheroidal  concretions;  earthy. 
Color  verdigris-  to  emerald-green.     From  the  Ural. 

Leucochalcite.  Probably  CuiAs«08.Cii(0H)«  -|-  211,0.  In  while,  silky  acicular  crys- 
tal?.     From  the  Wilhelmine  mine  in  llie  Spt-ssart,  Germany.  • 

Volborthite.  A  hydrous  vanadate  of  copper,  barium,  and  calcium.  *  In  small  six-sided 
tables;  in  globular  forms.     Color  olive-green,  ciiron-yellow.     From  tlie  Ural. 

Cornwallite.  Cu«A8,08.2Cu(OH),  +  H,0.  Massive,  resembling  malachite.  Color 
iinerald  green.     From  Cornwall.  ^ 

Tyrolite.  Tirolit.  Kupferschaum  Germ.  Perhaps  Cu,A8,08.2Cu(0H),  -f-  TIIiO. 
Usimlly  in  fan-shaped  crystalline  groups;  in  foliated  aggregntes;  also  ma.ssive.  Cleavage 
^H^rfect.  yielding  soft  thin  flexible  laminae.  Color  pale  green  inclining  to  sky-blue.  From 
Libeihen.  Hungary;  Nerchinsk,  Siberia:  Falkenstein,  Tyrol;  etc  In  the  if.  States,  in  the 
Tin  tic  district.  Utah.  Some  analyses  yield  CaCOs,  usually  regarded  as  an  impurity,  but  it 
may  be  essential. 

OHALOOPHTLIilTB. 

Rhombohedral.     Axis  i  =  2-5538.     a-  =  71°  16',  rr'  =  110° 

In  tabular  crystals;  also  foliated  massive;  in 
druses. 

Cleavage:  c  highly  perfect;  r  in  traces.  H.  =  2. 
(j.  =  2*4-2'66.  Luster  of  c  pearly;  of  other  faces 
vitreous  or  subadamantine.  Color  emerald-  or  grass- 
L'^reeii  to  verdigris-green.  Streak  somewhat  paler 
ihaii  the  color.     Transparent  to  translucent.     Optically  — . 

Comp. — A  highly  basic  arsenate  of  copper;  formula  uncertain,  perhapa 
7CuO.As,0..14H,0. 

Pyr.,  etc. — In  the  clo.seil  tube  decrepitates,  yields  much  water,  and  gives  a  residue  of 
olive-green  scales.  In  other  respects  like  olivenite.  Soluble  in  nitric  acid,  and  in 
ammonia. 

Obs. — From  the  copper  mines  near  Redruth  in  Cornwall;  at  Sayda,  Saxony;  Moldawa 
in  the  Banat.     In  the  U.  Stale.s,  in  the  Tintic  disirict,  Utah. 

VeBzelyiie,  A  hydrous  phosplio-arsenatr  of  copper  at'd  zinc,  formula  uncertain'. 
Occurs  as  a  greenish-blue  crystalline  incrustation  at  Morawitza,  in  the  Banat. 
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WAVELIJTi:. 

Orthorhombic.  Axes  a  :  J  :  (J  =  05049  : 1 :  0-3751.  Crystals  rare.  Usu- 
ally in  aggregates^  hemispherical  or  globular  with  crystalline  surface,  uLid 
radiated  structure. 

Cleavage:  p  (101)  and  i  rather  perfect.  .Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =3-25-4.  G.  =  2*316-2'337.  Lustervitreous,  inclining  to  pearly 
and  resinous.  Color  white,  passing  into  yellow,  green,  gray,  brown  and  blacK. 
Streak  white.     Translucent. 

Comp.— 4A1P0,.2A1(0H),  +  9H,0  =  Phosphorus  pentoxide  35*2,  alumina 
38*0,  water  26*8  =  100.     Fluorine  is  sometimes  present,  up  to  2  p.  c. 

Pyr.,  etc.-7-ln  the  closed  tube  gives  off  much  water,  the  last  portions  of  which  tcmci 
acid  und  color  Brazil -wood  paper  yellow  (fluorine),  and  also  etch  the  tube.  B.B.  in  \U 
forceps  swells  up  and  splits  into  fine  iu fusible  particles,  coloring  the  tlame  pale  grei'i.. 
Gives  u  blue  with  cobalt  solution.  Heated  with  sulphuric  acid  gives  off  fumes  of  hydur 
fluoric  ttcid,  which  etch  glass.    Soluble  in  hydrochloric  acid,  and  also  in  cau.stic  potaJb. 

Obs. — From  Barnstaple  in  Devonshire;  at  Zbirow  iu  Bohemia;  at  Frankenberg,  Saxony: 
Minas  Geraes,  Brazil,  etc. 

In  the  United  Stales  at  the  slate  quarries  of  York  Co.,  Pa.;  White  Horse  Station,  CbL5 
ter  Valley  R.  R.,  Pa.;  Magnet  Cove,  Arkansas. 

Pischerita.  AlP04.Al(0H)a  +  21H,0.  In  small  prismaUc  crystals  and  iu  drii>v 
crusts.     Color  green.     From  Nizhni  Tagllsk  in  the  Ural. 

Feganite.  Al(P04).Al(0H)a  -f-  liHsO.  Occurs  in  green  crusts,  of  small  prismatic 
crystals,  at  Striegis,  near  Freiberg,  Saxony. 

TURQT70IS.    Turquoise. 

Massive;  amorphous  or  cryptocrystalline.  Beniform,  stalactitic,  or  iu- 
crusting.     In  fhin  seams  and  disseminated  grains.    Also  in  rolled  masses. 

Cleavage  none.  Fracture  small  concnoidal.  Bather  brittle.  H.  =  h. 
G.  =  2'6-283.  Luster  somewhat  waxy,  feeble.  Color  sky-blue,  bluish  grecTi 
to  apple-green,  and  greenish  gray.  Streak  white  or  greenish.  Feebly  su'^- 
translucent  to  opaque. 

Comp. — A  hydrous  phosphate  of  aluminium  colored  by  a  copper  compouuil, 
A1P0,.A1(0H),  +  H,0  =  Phosphorus  pentoxide  32'6,  alumina  46*8,  watn: 
20-6  =  100.     The  copper  salt  probably  has  the  composition  2CuO.P,0..4lL(). 

Pyr.,  etc.— In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  or  bh'k. 
B.B.  in  the  forceps  becomes  brown  and  assumes  a  glassy  appearance,  but  does  not  fus<? 
colors  I he.flame  green:  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (copi^: 
chloride).     With  the  fluxes  reacts  for  copper.    Soluble  in  hydrochloric  acid. 

Oba. — The  highlpr  prized  oriental  turquois  occurs  in  narrow  seams  (8  to  4  or  even  6  ram. 
in  thickness)  or  in  irregular  patches  in  the  brecciated  portions  of  a  porphyritic  tradiMv 
and  the  surrounding  clay  slate  in  Persia,  not  far  from  Nishftptir,  Khorassan;  in  the  3Iet:3:i 
Valley,  Sinai:  in  the  Kara-Tube  Mts.  in  Turkestan,  50  versts  from  Samarkand. 

In  the  U.  States,  occurs  in  the  Los  Cerillos  Mts.,  20  m.  8.  E.  of  Santa  Fe,  New  Mexico, 
ill  a  irachytic  rock,  a  locality  long  mined  by  the  Mexicans  and  in  recent  years  reopei<  1 
and  extensively  worked;  in  the  Burro  Mts.,  Grant  Co.,  N.  M.;  pale  green  variety  nesr 
Columbu<»,  Nevadfl. 

Natural  turquois  of  inferior  color  is  often  artificially  treated  to  give  it  the  tint  desire<l 
Moreover,  many  stones  which  are  of  a  fine  blue  when  first  found  retain  the  color  only  >" 
long  as  they  are  kept  moist,  and  when  dry  they  fade,  become  a  dirty  green,  and  are  f 
liitle  value.  Much  of  the  turquois  (not  artificial »  used  in  jewelry  in  former  centuries.  •> 
well  as  the  present,  and  that  described  in  the  early  works  on  minerals,  was  hoM-ttirqni'h 
(called  also  odontolith,  from  oSovi.  tooUi),  whicli  is  fossil  bone,  or  tooth,  colored  by  a  phos- 
phate of  iron.  Its  organic  origin  becomes  manifest  imder  a  microscope.  Moreover,  tnit 
turquois,  when  decomposed  by  hydrochloric  acid,  gives  a  fine  blue  color  with  ammonia 
which  is  not  true  of  the  odontolite.  •• 

Wardlte.  2AUOa.P.0..4H,0.  Forms  light-green  or  bluish-crreen  concretionary  in 
crunations  in  cavities  of  nodular  masses  of  variscite  from  Utah.     H.  =  6.     G.  =  2*77. 
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Sphflorite.  Perhaps  4 A1P04.6A1(0H)$.  In  globular  drusy  coucretioos.  Color  light 
grnj,  bluish.    From  near  St.  Beuignu,  Bohemia. 

Liskeardite.  (Al,Fe)A804.2(Al,Fe)(OH)s  +  5U,0.  In  Ihin  incrusting  layers,  white  or 
bluish.     From  Liskeurd,  Cornwall. 

Evansite.  2A)P04.4Al(OH).  +  I2H9O.  Massive;  reniform  or  botryoidal.  Colorless, 
or  milk-whiie.     From  Zseicznik,  Hungary. 

CcEKULKOLACTiTE.  Perhaps  8AlaO$.2PaO».10HaO.  Ci-ypto-ciystalline;  milk-white  to 
liglit  copi)er-blue.  From  near  Eatzenellubogen,  Nassau;  also  East  Whiteland  Township, 
Ciiesier  Co.,  Penn. 

Augelite.  2AI3Os.PsOft.3HtO.  In  tabular  monoclinic  crystals  and  massive.  G.  =  2*7. 
Colorless  to  white.  From  the  iron  mine  of  Wc8tan&,  Sweden.  The  same  locality  has  also 
yielded  the  following  aluminium  phosphates. 

Berlinite.  2AI9O8  2PsOft.HaO.  Compact,  massive.  G.  =  2*64.  Colorless  to  grayish 
or  rose- red. 

Trolleite.  4Al30i.8P,Oft.8HsO.  Compact,  indistinctly  cleavable.  G.  =  8-10.  Coloi 
pale  green. 

Attacolite.  P30ft,Al«Oa,MnO,CaO,HsO,  etc.;  formula  doubtful.  Massive.  G.  =? 
3  09.     Color  salmon-red. 


Commonly    in    tubes;    also    tetrahedral.     Barely 


947. 


PHARMAOOSIDXIRmEI. 

Isometric- tetrahedral. 
granular. 

Cleavage:  a  imperfect.  Fracture  uneven.  Rather 
sectile.  H.  =  2*5.  G.  =  2*9-3.  Luster  adamantine 
to  greasy,  not  very  distinct.  Color  olive-,  grass-  or 
emerald -green,  yellowish  brown,  honey-yellow.  Streak 
frreen  to  brown,  yellow,  pale.  Subtransparent  to  sub- 
tninslucent.     Pyroelectric. 

Comp.— Perhaps  6FeA8.0^.2Fe(OH).  +  12n,0  = 
Arsenic  pentoxide  43*1,  iron  sesquioxide  40*0,  water 
1(5-9  =  100. 

Pyr.,  etc. — Same  ns  for  scorodite. 
Obs. —Obtained  at  the  mines  in  Cornwall,  with  ores  of  cop- 
per: at  Schneeberg  and  Schwarzenberg,  Saxony;  at  KOnigsberg,  near  Schemnilz.  Hun- 
srary.     In  Utah,  at  the  Mammoth  mine,  Tintic  district.     Named  from  gxxp/iaKov,  poison, 
and  <Ti67jf>o<^,  iron. 

liudlamite.  'iFesPaO.  Fe(OH)t  +  8H,0.  Occurs  in  small  green  tabular  crystals 
(monoclinic),  nejir  Truro,  Cornwall. 

Oacozenite.  Kakoxen  Germ.  PeP04.Fe(0H),  -f-  4iHaO.  In  radiated  tufts  of  a  yel- 
low or  brownish  color.     From  near  St.  Benigna  in  Bohemia;  Lancaster  Co.,  Penn. 

Beratmite.  Perhaps  2FeP04.Fe(OII)s  +  2iHaO.  Commonly  in  druses  and  in  radiated 
<rlol)ulesand  cruets.  Color  reddish  brown  to  nark  hyacinth-red.  From  St.  Benigna,  near 
liernni),  in  Bohemia  EUoTwrite,  in  tabular  crystals,  is  the  same  mineral.  From  the 
El  con  ore  mine  near  Gies-sen. 

Globosite,  PiciTB,  Delyauxitb  are  other  hydrated  ferric  phosphates. 


OHILDRENmi. 

Orthorhombic. 

inm!'\  110  A  no  = 
r/,       131  A  131  = 

Only  known  in  crystals. 


Axes  d\l:t-  0-7780 


ih"  4r/. 
39°  47'. 


1 :  0-52575. 
rr'",     131  A  I8I  =  105"    V. 
w'.        121  A  131  =    49"  56i'. 
Cleavage:  a  imperfect.     Fracture  uneven.     H.  = 


4*5-5.     G.  =  318-3*24.     Luster  vitreous  to  resinous.     Color  yellowish  white, 

f>ale  yellowish   brown,  brownish   black.     Streak  white  to  yellowish.     Trans- 
ucent. 

Comp.~In    general    2AlPO,.2Fe(OH),  +  2H,0.      Phosphorus    pentoxide 
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30*9,  alumina  22*2,  iron  protoxide  31'3,  water  15*6  =  100.  Manganese 
replaces  part  of  the  iron  and  it  hence  graduates  into  eosphorite. 

P3rr.,  etc.— In  the  cloeed  tube  gives  off  neutrnl  water.  B.B.  swells  up  into  ranjitc^- 
tions,  and  fuses  on  the  edges  to  a  black  mass,  coloring  the  ISame  pale  green.  Heated  on 
charcoal  turns  black  and  becomes  magnetic.  With  soda  gives  a  reaction  for  maugaDts**. 
With  borax  and  salt  of  phosphorus  reacts  for  iron  and  manganese.  Soluble  in  hyciru- 
chloric  acid. 

Ob«. — From  Tavistock,  Devonsliire.    In  U.  States,  at  Hebron,  Me. 

Boaphorite.  Form  and  composition  as  for  childrenite,  but  containing  chiefly  mangaiie>e 
instead  of  iron.  In  prismatic  crystals;  also  massive.  Color  rose-pink,  yellowish,  eit. 
From  Branchville,  Conn. 

Mazapilite.  CasFe,(As04)4.2FeO(OH)  +  5H,0.  In  slender  prismatic  crystals,  G.  = 
8-567-8*582.     Color  black.     From  Mnziipil,  Mexico. 

Oalcioferrite.  Ca.Fe,(P04)4.Fe(OH)j.8HaO.  Occurs  in  yellow  to  green  nodules  in  clay 
at  Battenberg,  Rhenish  Bavaria. 

Borickite.  Perhaps  Ca,Fe,(P04)4.12Fe(OH)s -f  6HaO.  Reniform  massive;  compact. 
Color  reddish  brown.     From  Leol^en  in  Slvria;  Bohemia. 

RicHELLTTK.  Perhaps  4FePaOB. FctOFa  (OH),  -f  86HsO.  Massive,  compact  or  foiiaieii. 
Color  yellow.     From  Richelle,  Belgium. 

URoooNrrB. 

Monoclinic.     Axes  a:t\6=  1-3191  :  1  :  1-6808;  ft  =  88°  33'. 

^^^  mm!  MIO  A  110  =  105'  S^.        ww',  110  A  Oil  =  46'  10'. 

ee\       Oil  A  Oil  =  118'  2^.         m'd,  110  A  Oil  =  47'  24'. 

Crystals  resembling  rhombic  octahedrons.  Rartly 
^jraiiular.  Cleavage :  m,  e  indistinct.  Fracture  subo":'. 
clioidal  to  uneven.  Imperfectly  sectile.  XL  =  ti-M"- 
(I.  =  2-882-t2'98r).  Luster  vitreous,  inclining  to  resinoi.s 
Color  and  streak  sky-blue  to  verdigris-green. 

Gomp. — A  hydrous  arsenate  of  aluminium  and  C'|-   i 
per,  formula  uncertain;   analyses  correspond  nearlv     •  i 
Cu.Al(AsOJ,.3CuAl(OII),.20n,O  =  Arsenic   pentox!  i  • 
28-9,  alumina  10'3,  cupric  oxide  35-9,  water  24-9  =  100.     Phosphorus  replac- 
part  of  the  arsenic,  i 

Pyr.,  etc.— lu  the  closed  tube  gives  much  water  and  turns  olive-green.     B.B.  en.  n-  | 
open,  but  does  not  (li-crepiiiUe;  fuses  less  readily  limn  oliver  ite  ion  dark  erray  slug:  on  ( 1. 1     i 
coal  cracks  open,  detiagrales.  and  gives  reactioiis  like  olivenite.     Soluble'in  nitric  ncid.         ' 
Oba. — From  Cornwall;  Henenirnind  in  Huneary.  j 

Ohenevixite.  Perhaps  Cu,(FeO)aAs,()fi -f  8H,0.  Massive  to  compact.  Color  .i:.-^^ 
green  to  greenish  yellow.     From  Cornwall;  Utah. 

Henwooditk.  a  hydrated  phosphate  of  aluminium  nnd  copper.  In  botryoidal  irl«'- '-^ 
lar  masses.     Color  lurqiiois-blue.     From  Cornwall. 

OhalcoBiderite.     CuO  8FeaO,.2P,05.8IIaO.     In   sheaf-like  crystalline    groups,  as  in- 
crustations.    Color  light  siskin-^rreen.     From  Cornwall. 
Andre^wsite,  also  from  Cornwall,  is  near  chalcosiderite. 

Kehoeite.  A  hydrated  phosphate  of  aluminium,  zinc,  etc.  Massive.  G.  =  2  •'^• 
From  Galena,  So.  Dakota. 

Ooyazite.  Perhaps  Ca,Al,oPaOa,.9HaO.  In  small  rounded  grains  Color  yellow !>:. 
white.     From  Minas  Geraes.  Brazil. 

Plnmbogummite.  A  hydrated  phosphate  of  lend  and  aluminium.  Resembles  drops .  r 
coatmgs  of  gum;  as  incrustations.  Color  yellowish,  brownish.  With  galena  at  Huelg-eL 
Brittany,  and  elsewhere. 
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Uranite  Group. 

TORBBRNITB.    Copper  UraDite.    Eupferurauit  Oerm, 

Tetragoual.  Axis  6  =  2*9361.  Crystals  usually  square  tables,  sometimes 
yery  thin,  again  thick;  less  often  pyramidal.    Also  foliated,  micaceous. 

Cleavage:  c  perfect,  micaceous.  Laminae  brittle.  H.  =  2-2"5.  G.  = 
3"4-3*6.  Luster  of  c  pearly,  other  faces  subadamantine.  Color  emerald- and 
^'rass-green,  and  sometimes  leek-,  apple-,  and  siskin-green.  Streak  paler  than 
the  color.    Transparent  to  subtranslucent.     Optically  uniaxial;  jiegative. 

Comp. — A  hydrous  phosphate  of  uranium  and  copper,  Cu(UO,),P,0,  + 
i?n,0  =  Phosphorus  pentoxide  15*1,  uranium  trioxide  61*2,  copper  8*4,  water 
15*3  =  100.    Arsenic  may  replace  part  of  the  phosphorus. 

Tyx,,  etc. — In  the  closed  tube  yields  wnter.  In  the  forceps  fuses  at  2 '5  to  a  blackish 
mass,  and  colors  the  flame  green.  With  salt  of  pbosphorus  gives  a  CTeen  bead,  which  with 
till  on  charcoal  becomes  on  cooling  opaque  red  (copper).  With  soda  on  charcoal  gives  a 
globule  of  copper.     Soluble  in  nitric  acid. 

Obs. — From  Quniiis  Lake  and  elsewhere  in  Cornwal.1;  Scbneeberg,  etc..  Saxony; 
Joachimsthal,  Bohemia. 

Zennerite.  Cu(U0s)iAss08+  8HaO.  In  tabular  crystals  resembling  torbernite  in  form 
and  color.     G.  =  8*2.     From  Schneeberg,  Saxony;  near  Joachimstbal;  Cornwall. 


AUTUNITE.    Lime  Uitinite.     Ealkuranit  Oerm. 

Orthorhombic.  In  thin  tabular  crystals,  nearly  tetragonal  in  form  and 
deviating  but  slightly  from  torbernite  in  angle;  also  foliated,  micaceous. 

Cleavage:  basal,  eminent.  Laminae  brittle.  II.  =  2-2"5.  G.  =  3'05-3'19. 
Luster  of  c  pearly,  elsewhere  subadamantine.  Color  lemon-  to  sulphur- 
yellow.  Streak  yellowish.  Transparent  to  translucent.  Optically—.  Ax. 
i)l.  II  L     Bx  i.  c.     /?  =  1-572. 

Comp. — A  hydrous  phosphate  of  uranium  and  calcium,  probably  analogous 
to  torbernite,  Ca(UOJ,P,0.  -f  811,0  or  Ca0.2UO,.P,0..8H,0  =  Phosphorus 
pentoxide  15*5,  uranium  trioxide  62*7,  lime  6*1,  water  15*7  =  100. 

Some  analyses  give  10  and  others  12  molecules  of  water,  but  it  is  not  certain  that  the 
additional  amount  is  essential. 

"Pyr.,  etc.— Same  as  for  torbernite,  but  no  reaction  for  copper. 

Obs. — With  uraninite,  as  at  Johanugeorgenstadt,  Falkenstein.  In  the  U.  States,  at 
Middletown  and  Branchville.  Conn.  In  N.  Carolina,  at  mica  mines  in  Mitchell  Co.;  in 
Alexander  Co.;  Black  Hills,  S.  Dakota. 

UranoBpinite.  Probably  Ca(U09)aAss08  -\-  8II9O.  In  thin  tabular  ciystals  rectangular 
in  outline.     Color  siskin-green.     From  near  Schneeberg,  Saxony. 

Uranocircite.  Ba(U08),Pa08  +  8H9O.  In  crystals  similar  to  autunlte.  Color  yellow- 
green.     From  Falkenstein,  Saxon  Voigtlaud. 


Phosphnranylita.  (XJO,)aP«Oi  +  6H,0.  As  a  pulverulent  incrustation.  Color  deep 
lemon -yellow.    From  Mitchell  Co.,  N.  C. 

Trdgerite.  (U09)aAss08  +  12HaO.  In  thin  druses  of  tabular  crystals.  Color  lemon- 
yellow.     From  near  Schneeberg,  Saxony. 

Walpnrgite.  Probably  Bi,o(UOa)3(OH)a4(A804)4.  In  thin  yellow  crystals  resembling 
gypsum.     G.  =  5 "76.     Color  yellow.     From  near  Schneeberg,  Saxony. 

Rhagite.  Perhaps  2BiA804.3Bi(OH)a.  In  crystalline  aggregates.  Color  yellowish 
green,  wax-yellow.    Prom  near  Schneeberg,  Saxony. 

Bffibdte.  A  hydrated  basic  arsenate  of  copper  and  bismuth,  formula  doubtful.  In 
acicular  crystals;  as  an  incrustation.  Color  green  to  whitisb.  From  Joachimstbal; 
WittlchcD,  Baden;  Tlntic  distr.,  Utah. 
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Antimonates;  also  Antimonites,  Arsenites. 

A  number  of  antimonates  have  been  included  in  the  preceding  pages 
among  the  phosphates,  arsenates,  etc. 


Atopite.  Perhaps  culcium  pyroantimouate,  Ca,Sb,OT.  In  Isometric  octahedrons. 
H.  =  5-5-6.     G.  =  503.     Color  yellow  to  resin-brown.     From  L&ngban,  Sweden. 

Bindheimite.  A  hydrous  aiitimouate  of  lead.  Amorphous,  reniform;  also  earthy  or 
iocrusting.  Color  gray,  brownish,  yellowish.  A  result  of  the  decomposition  of  o'lber 
antimonial  ores;  thus  at  Horhausen;  in  Cornwall;  Sevier  county,  Arkansas. 

Romeite.  An  antlmonite  of  calcium,  perhaps  CaSba04.  In  groups  of  minute  square 
octahedrons.  H.  above  5*5.  Q.=  4-713.  Color  hyacinth-  or  honey-yellow.  From  St. 
Marcel,  Piedmont. 

Nadorite.  PbClSbO,.  In  orthorhombic  crystals.  H.  =  3-5-4,  G.  =  702.  Color 
brownish  yellow.     From  Djebel-Nador,  Coustantine,  Algeria 

Ecdemite.  Heliophyllile.  Perhaps  Pb4As,07.2PbCl8.  In  crystals,  massive,  and  as  an 
incrustation.  Q.  =  6 -89-7 -14.  Color  bright  yellow  to  green.  From  L&ngban,  Swedeu; 
also  Pajsberg  {heUophyllite). 

Ochrolite.  Probably  Pb4Sb90,.2PbCl,.  In  small  crystals,  united  in  diverging  grou|^. 
Color  sulphur-yellow.     From  Pajsberg,  Sweden. 

Trippkeite.  Essentially  an  arsenite  of  copper.  In  small  bluish-green,  tetragonal  cns- 
tals.     From  Copiapo,  Chili. 


Tripnhyite.  An  iron  antimonate.  2FeO.Sb90ft.  In  microcrystalline  aggregates  of  a 
dull  greenish-yellow  color.    From  Tripuhy,  Brazil. 

Derbylite.  An  antimo-titanate  of  iron.  In  prismatic,  orthorhombic  crystals.  H.  =  3. 
G.  =  4-53.     Color  black.     Tripuhy,  Brazil. 

Lewisite.  5Ca0.2Ti09.8Sb30ft.  In  minute  yellow  to  brown  isometric  octahedrons. 
Tripuhy,  Brazil. 

Mauzeliite.  A  titano-antimonate  of  lead  and  calcium,  related  to  lewisite.  In  dark 
brown  isometric  octahedrons.     Jakobsberg,  Sweden. 

AwMioTiiTE.  A  doubtful  antimonite  of  mercury;  forming  a  scarlet  earthy  mnsx. 
From  Chili. 


Phosphates  or  Arsenates  "mth  Carbonates,  Sulphates,  Borates. 

Staffelite  and  DahlliU  (p.  499)  may  belong  here. 

Diadoohite.  A  hydrated  phosphate  and  sulphate  of  ferric  iron;Thuriugia.  DeitiruziU 
is  similnr;  from  Belgium. 

Pitticite  A  hydrated  arsenate  and  sulphate  of  ferric  iron.  Reniform  and  mas>ive. 
Yellowish  and  reddish  brown.     From  Saxony,  Cornwall,  etc. 

Bvanbergite.  A  hydmted  phosphate  and  sulphate  of  aluminium  and  calcium.  In 
rhombohedral  crystals.  Color  yellow  to  yellowish  brown,  rose-red.  From  HorrsjObea^ 
Sweden. 

Beudantite.  A  phosphate  or  arsenate  with  sulphate  of  ferric  iron  and  lead;  forniu  a 
doubtful.  In  rhombohedral  crystals.  Color  green  to  brown  and  black.  From  Cork; 
Dernbach  and  Horhausen,  Nassau. 

Lindackerite.  Perhaps  3Ni0.6CuO.SO,2A8,0».7H80.  In  roseltei,  and  in  reniform 
masses.     Color  verdipfris-  to  apple-green  i     From  Joachimsthal. 

LUneburgite.  3MgO.B9Oa.P9OA.8H3O.  In  flattened  masses,  fibrous  to  earthy  struc- 
ture.    From  Lllneburg.  Hannover. 

IjOBsenita.     A  hydrous  iron  arsenate  and  lead  sulphate  from  Laurlon,  Greece. 
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Nitrates. 

The  Nitrates  being  largely  soluble  in  water  play  but  an  unimportant  r61e 
in  Mineralogy. 

SODA  NTTBR 

Rhombohedral.  Axis  k  =  0-8276;  rr'  =  73**  30'.  Homceomorphous  with 
calcite.    Usually  in  massive  form,  as  an  incrustation  or  in  beds. 

Cleavage:  r  perfect.  Fracture  conchoidal,  seldom  observable.  Eather 
sectile.  H.  =  1-5-2.  G.  =  2"24-2-29.  Luster  vitreous.  Color  white;  also 
reddish  brown,  gray  and  lemon-yellow.  Transparent.  Taste  cooling.  Opti- 
cally -.     G7y  =  1-5874,  €y  =  1-3361. 

Comp. — Sodium  nitrate,  NaNO,  =  Nitrogen  pentoxide  63*5,  soda  36-5  =  100. 

Pyr.,  etc.— Deflagrates  on  charcoal  with  less  violence  than  niter,  causing  a  yellow 
light,  and  also  deliquesces.  Colors  the  flame  intensely  yellow.  Dissolves  in  three  parts  of 
water  at  60"  F. 

Ob«.— From  Tarapaca,  northern  Chili,  and  also  the  neighboring  parts  of  Bolivia;  also 
in  Humboldt  Co.,  Nevada;  near  Calico,  San  Bernardino  Co.,  Cal. 

Niter.    Potassium  nitrate,  ENOs.     In  thin  white  crusts  and  silky  tufts. 


Nitrocalcite.  Hydrous  calcium  nitrate.  Ca(N0a>9  +  nHaO.  In  eflBorescent  silky  tufts 
aud  masses.     In  many  Hmestone  caverns,  as  those  of  Kentucky. 

Nitromagnesite.    Mg(NOi)a  +  7iH,0.     In  efliorescences  in  limestone  caves. 

Nitrobarite.    Barium  nitrate,  Ba(NOi),.     Isometric-tetartohedral.    From  Chili. 

Qerhardtite.  Basic  cupric  nitrate.  Cu(N0,)a.8Cu(0H)a  In  pyramidal  orlhorhombic 
ciysials.     G.  =  8426.     Color  emerald-green.     From  the  copper  mines  at  Jerome,  Arizona. 

Darapskite.  NaNO,.Na,804  +  HaO.  In  square  tabular  crystals.  Colorless.  From 
Atacama.  Chili. 

Nitroglauberito.    6NaNO,.2Na,S04.8H90.    From  Atacama. 


Lantarlte.  Calcium  iodate,  Cano$)».  In  prismatic  crystals,  colorless  to  yellowish. 
From  the  sodium  nitrate  deposits  of  Atacama. 

Dietseite.  A  calcium  iodo-chromate.  Monoclinic;  commonly  fibrous  or  columnar. 
H.  =  a-4.    Q.  =  8-70.    Color  dark  gold-yellow.    From  the  same  region  as  lautarite. 
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Oxyg^en  Salts. 
6.  BORATES. 

The  aluminates,  ferrates,  etc.,  allied  chemically  to  the  borates,  have  been  already  inir-  - 
•duced  amoug  the  oxides.  They  include  the  species  of  the  Spinel  Group,  pp.  337-341,  tils 
Chrysoberyl,  p.  342,  etc. 

SUSSBZITi:. 

In  fibrous  seams  or  veins.  II.  =3.  G.  =  3-42.  Luster  silky  to  pearly. 
Color  white  with  a  tinge  of  pink  or  yellow.     Translucent. 

Comp. — IIllBO,,  where  R  =  Mn,  Zn  and  Mg  =  Boron  trioxide  34  1, 
manganese  protoxide,  41*5,  magnesia  15*6,  water  8*8  =  100.  Here  Mn  (-}-  Zi. 
:  Mg  =  3 :  2. 

Pyr.,  etc. — lu  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmeiia 
paper  is  moistened  with  tbis  water,  and  then  with  dilute  hydrochloric  acid,  it  assumes  a 
red  color  (boric  acid).  lu  the  forceps  fuses  in  the  flame  of  a  candle  (P  =  2),  and  B.15.  i: 
O.F.  yields  a  black  crystalline  mass,  coloring  the  flame  Intensely  yellowish  green.  Wij 
the  fluxes  reacts  for  manganese.     Soluble  in  hydrochloric  acid. 

Obs.— Found  on  Mine  Hill,  Franklin  Furnace,  Sussex  Co.,  N.  J.,  with  fraukliin'ti 
zincitc,  willemite,  etc.  An  intimate  mixture  of  zincite  and  calcite,  not  uncommon  at  311: 
Hill,  is  often  mistaken  for  sussexite,  but  the  ready  fusibility  of  the  genuine  mineral  is  dii 
tinctive. 

Ludwigite.  Perhaps  SMgO.BgO.  -f-  FeO.Fe.O,.  In  finely  fibrous  masses.  G.  =  3  91- 
4  02.     Color  blackish  green  to  nearly  black.     From  Horawitza,  Hungary. 

Pinakiolite.  3MgO.BaOt  +  MnO.Mn,0,.  In  small  rectangular  crystals.  H.  =  ♦•• 
G.  =  3*881.     Luster  metallic.     Color  black.    From  Ltlugban,  Sweden. 

NordenskiSldine.  A  calcium-tin  borate,  CaSn(BOs)t.  In  tabular  rhombohednl 
crystals.  H.  =  6'5-6.  G.  =  4*20.  Color  sulphur-yellow.  From  the  Langensund  liorJ. 
Korway. 

JeremejeTite.  Eichwaldite.  Aluminium  borate,  AlBOs.  la  prismatic  hexagona'. 
crystals.  H.  =  65.  G.  =  3*28.  Colorless  to  pale  yellow.  From  Mt.  SoktuJ,  Aduu 
Chalon  range  in  Eastern  Siberia. 

Hambergite.  Be9(OH)BOs.  In  grayish-white  prismatic  crystals.  H.  =  7-5.  G.  = 
2*347.     From  Langesund  fiord,  southern  TTorway. 

Szaibelyite.  2MgftB40ii.3H,0.  In  small  nodules;  white  outside,  yellow  within 
From  Rezbanya,  Hungary. 

BORAOITi:. 

Isometric  and  tetrahedral  in  external  form  under  ordinary  conditions,  h\v 
in  molecular  structure  orthorhombic  and  pseudo-isometric:  the  structure 
becomes  isotropic,  as  required  by  the  form,  only  when  heated  to  265®.  (Se- 
Art.  411.) 

Habit  cubic  and  tetrahedral  or  octahedral;  also  dodecahedral.  Crystal- 
usually  isolated,  embedded;  less  often  in  groups.  Faces  o  bright  and  sniootL 
4)^  dull  or  uneven. 

Cleavage:  o,  o^  in  traces.     Fracture  conchoidal,  uneven.     Brittle.     H.  =7 


BORATES. 
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in  crystals.  6.  =  2'9-3.  Luster  vitreous,  incliuing  to  adamantine.  Color 
white,  inclining  to  gray,  yellow  and  green.  Streak  white.  Subtransparent  to 
translucent.  Commonly  shows  double  refraction,  which,  however,  disappears 
upon  heating  to  265°,  when  a  section  becomes  isotropic.     Refractive  index 


7/y  =  1-667;  X- a  =  0  0107. 


949. 


960. 


961. 


^ 


^ 


^ 


Strongly  pyroelectric,  the  opposite  polarity  corresponding  to  the  position 
of  the  +  and  —  tetrahedral  faces  (see  pp.  234,  235).  The  faces  of  the  dull 
tetrahedron  o,  (ill)  form  the  analogous  pole,  those  of  the  polished  form  o 
(HI)  the  antilogous  pole.  Hose. 

Comp.— Mg,Cl.B,.0„  or  6MgO.MgCl,.8B,0,=  Boron  trioxide  625,  mag- 
nesia 31-4,  chlorine  7-9  =  101*8,  deduct  (0  =  CI)  1-9  =  100. 

Var. — 1.  Ordinary.  In  crystals  of  varied  habit.  2.  JUamve,  with  sometimes  a  sub- 
columnar  structure;  sttusfurtite  of  Hose.  It  resembles  a  fine-graiDed  white  marble  or 
granular  limestone.  Parasite  of  Volger  is  the  plumose  iDterior  of  some  ciystals  of  boracite. 
3.   KiaenstoMfurtHe  contains  some  Fe. 

P3rr.,  ©to. — The  massive  variety  gives  "water  in  the  closed  tube.  B.B..both  varieties 
fuse  at  3  with  intumescence  to  a  white  crystalline  pearl,  coloring  the  ISame  green;  heated 
lifter  moistening  with  cobalt  solution  assumes  a  deep  pink  color.  Mixed  "with  oxide  of 
copper  and  heated  on  charcoal  colors  the  flame  deep  azure-blue  (copper  chloride).  Soluble 
iu  hydrochloric  acid. 

Alters  very  slowly  on  exposure,  owing  to  the  magnesium  chloride  present,  which  takes 
up  water.  It  is  the  frequent  presence  of  this  deliquescent  chloride  in  the  massive  mineral, 
til  us  originating,  that  led  to  the  view  that  there  was  a  hydrous  boracite  (stassfurtite). 
Parasite  of  Volger  is  a  result  of  the  same  kind  of  alteration  in  the  interior  of  crystals  d 
boracite;  this  alteration  giving  it  its  somewhat  plumose  character,  and  introducing  water. 

Obs.— Observed  iu  beds  of  anhydrite,  gypsum  or  salt.  In  crystals  at  Kalkberg  and 
Schildstein  in  Ltlneburg,  Hannover;  at  Segeberg,  near  Kiel,  in  Holstein;  at  Luneville,  La 
Meurthe,  France;  massive,  or  as  part  of  the  rock,  also  in  crystals,  at  Stassfurt,  Prussia. 

Ascharite.  A  hydrous  magnesium  borate.  In  white  lumps  with  boracite.  From 
Aschersleben,  Germany. 

Rhodizite.  A  borate  of  aluminium  and  potassium,  with  caesium  and  rubidium. 
Tsonietric-tetrahed ml;  in  white,  translucent  dodecahedrons.  H.  =  8,  G.  =  8-4l.  Found 
on  re(i  tourmaline  from  the  vicinity  of  Ekaterinburg  in  the  Ural. 

Warwickite.  Perhaps  6MeO.Fe0.2TiO,.8BaOs.  In  eloni;ated  prismauc  crystals. 
0.  =  3-36.    Color  dark  brown  to  dull  black.     From  Edenville,  N.  Y. 

Howlite.  A  silico-borate  of  calcium,  HftCa^BftSiOu.  In  small  white  roLoded  nodules; 
ilso  earthy.    From  Nova  Scotia. 

Lagonite.    FesO3.SB3Oa.8HsO.     An  incrustation  at  the  Tuscan  lagooiw^. 

Larderelllta.     (NH4)s0.4BsOs.4HsO.    From  the  Tuscan  lagoons. 


OOLEMANITB. 

Monoclinic.    Axes  *:"&:<*  =  0'7748  :  1  :  0'5410;  /?  =  6'  -  5'. 
Crystals  usually  short  prismatic  (w2w'"=  72**  4').     Massive  cleavable  to 
granular  and  compact. 
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GleaTable:  h  highly  perfect;  c  distinct.  Fracture  uneven  to  subcor.- 
choidal.  H.  =  4-4*5.  G.  =  2'42.  Luster  vitreous  to  adamantine,  brilliaiit. 
Colorless  to  milky  white,  yellowish  white,  gray.     Transparent  to  translucent. 

Comp.— Ca,B.0,,.5H,0,  perhaps  HCa(BOj,+  2H,0  =  Boron  trioxide  bij'\\ 
lime  27-2,  water  21*9  =  100. 

Pyr.— B.B.  decrepituies,  exfoliates,  sinters,  and  fuses  imperfectly,  coloring  the  laaiiu 
yellowish  greeu.  Soluble  in  hot  hydrochloric  acid  with  separation  of  boric  ucid  im. 
cooling. 

Obs. — First  discovered  in  Denth  Valley,  Inyo  Co.,  California;  later  in  Calico  disiric*. 
San  Bernardino  county. 

PRICEIT£.  Near  colemanite.  Massive,  friable  and  chalky.  Color  snow-white.  From 
Curry  Co.,  Oregou.     PandermiU  is  similar;  in  compact  nodules  from  Asia  Minor. 

Pinnoite.  M^Ba04.8H|0.  Tetragonal-pyramidal.  Usually  in  nodules,  radiattu 
fibrous.    Color  sulphur-  or  straw-yellow.     From  Stassfurt. 

Heintzite.  Hintzeiie.  Ealiborite.  A  hydrous  borate  of  magnesium  and  potassium. 
In  small  crystals,  sometimes  aggregated  together.  H.  =  4-5.  G.  =  2*13.  Colorless  lo 
white.    From  Leopoldshall,  Stassfurt. 

BORAX. 

Monoclinic.     Axes  A:h:i  =  10995  :  1  :  0-5632;  /3  =  73**  25'. 

553  ea,       001  A  100  =  TS**  25'.  a,     001  a  221  =  64"    8'. 

w»to"',  110  A  110  =  93"    0'.  CH/,    ill  A  ill  =  57"  27'. 

CO,        001  A  ill  =  40°  81'.  eg',    221  A  221  =  83"  28'. 

Crystals  prismatic,  sometimes  large;  resembling  pyrox- 
ene in  habit  and  angles. 

Cleavage:  a  perfect;  ♦??  less  so;  i  in  traces.     Fracture 
conchoidal.     Bather  brittle.    H.  =  2-2  5.     G.  =  1-69-1-T-J. 
Luster   vitreous   to   resinous;    sometimes  earthy.      Color 
white;    sometimes  grayish,  bluish   or  greenish.      Streak 
white.     Translucent  to  opaque.     Taste  sweetish-alkaline, 
i-""^^        feeble.     Optically  -.     Ax.  pi.  J_  h,     Bx^  J_  b-    Bx^,  A^  = 
-  56°  50'.     /?  =  1-470.     2Er  =  59°  30'. 
Comp.— Na,B,0,.10H,0  or  Na,0.2B,0,.10H,0  =  Boron  trioxide  366,  soda 
16-2,  water  47-2  =  100. 

Pyr,,  etc. — B.B.  puflfs  up  and  afterward  fuses  to  a  transparent  globule,  called  the  gl.nss 
of  borax.  Fused  witU  fluorite  and  potassium  bisulpbate,  it  colors  the  flame  arouuiltlje 
assay  a  clear  green.  Soluble  in  water,  yielding  a  faintly  alkaline  soluliou.  Boiling  wattr 
dissolves  double  its  weight  of  this  salt. 

Obs.— Obtained  from  the  salt  lakes  of  Tibet:  the  crude  mineral  is  called  Uncal.  In 
California,  abundant  in  Lake  Co.,  at  Borax  Lake  and  Hachinhamn,  two  small  alkaline 
lakes  in  the  immediate  vicinity  of  Clear  Lake;  present  in  solution  in  the  lake  waters,  niui 
obtained  also  in  large  quantities  in  fine  crystals  embedded  in  ihe  lake  mud  and  the  sur 
rounding  marshy  soil:  also  found  in  fine  large  clear  crvstnls  at  Borax  Jjnke.  San  Bemnr- 
diu'.  Co. :  at  Death  Valley,  Inyo  Co.     Also  Rhodes  Marsh,  etc..  Esmemlda  Co.,  Nevadn. 

Named  borax  from  the  Arabic  huraq,  which  included  also  the  niter  (sodium  carbonnt» ) 
of  ancient  writers,  the  natron  of  the  Egyptians.  Borax  was  call^  chrysocoUa  by  Agricola 
because  used  in  soldi  ring  gold. 

TJIjEXITB.     Boron  at  rocalcite.     Natron  borocal  cite. 

Usually  in  rounded  masses,  loose  in  texture,  consisting  of  fine  fibers,  which 
are  acicular  or  capillary  crystals.  H.  =  1.  G.  =  1'65.  Luster  silky  with  id 
Color  white.     Tasteless. 

Comp.— A  hydrous  borate  of  sodium  and  calcium,  probably  NaCaB.O,.8H,0 
=  Boron  trioxide  43'0,  lime  13  8,  soda  77,  water  35*5  =  100^ 


z 


BORATES,  URAKATES.  521 

Pyr.,  etc. — ^Yields  water.  B.B.  fuses  at  1  witb  iotumescence  to  a  clear  blebby  glass, 
coloring  tbe  tiatue  deep  y<rllow.  Moistened  witb  sulpburic  acid  tbe  color  of  tbe  flame  i^ 
inotneu tartly  (banged  lo  deep  ^reeu.  Not  soluble  in  cold  water,  and  but  little  so  in  boi; 
Ibe  solution  alkaline  iu  its  reuciious. 

Obs. — From  tbe  dry  plains  of  Iquique,  Cbili.  In  Nevada,  in  large  quantities  iu  tbe 
salt  marsbes  of  tbe  Columbus  Mining  District,  Esmeralda  Go. 

Named  after  the  German  cbemist,  G.  L.  Ulex. 

Bechilite.     CaB40Y.4H90.     In  crusts,  as  a  deposit  from  springs  in  Tuscany. 

Hydroboracita.  OaMgB«Oii.6HtO.  Resembles  fibrous  and  foliated  gypsum;  color 
nliite.     From  the  Caucasus. 

Snlfoborite.  8MgSO4.2MgaB4O0-|-12H9O.  In  colorless  prismatic  ortborbombic  ciy^- 
lals.    H.  =  4.    G.  =  2-88-2-46.    From  Westeregeln,  Germany. 


Uranates. 

URANINrrS.    Clevelte.    Brfiggerite.    Nivenite.    Uranpecberz  Germ, 

Isometric.  In  octahedrons,  also  with  dodecahedral  faces  {d) ;  less  often  in 
:ubes  with  o  and  d.  Crystals  rare.  Usually  massive  and  botryoidal;  also  in 
zniiiis;  structure  sometimes  columnar,  or  curved  lamellar. 

Fracture  conchoidal  to  uneven.  Brittle.  H.  =  5*5.  G.  =  9*0  to  97  of 
crystals;  of  massive  altered  forms  from  6*4  upwards.  Luster  submetallic,  to 
ireasy  or  pitch-like,  and  dull.  Color  grayish,  greenish,  brownish,  velvet- 
jlack.     Streak  brownish  black,  grayish,  olive-green,  a  little  shining.    Opaque. 

Comp. — A  uranate  of  uranyl,  lead,  usually  thorium  (or  zircoilium),  often  the 
iietals  of  the  lanthanum  and  yttrium  groups;  also  containing  the  gases  nitro- 
gen, helium  and  argon,  in  varying  amounts  up  to  2*6  p.  c.  Calcium  and  water 
essential  ?)  are  present  in  small  quantities;  iron  also,  but  only  as  an  impurity. 
riie  relation  between  the  bases  varies  widely  and  no  definite  formula  can  be 
jiven. 

Var, — Tbe  minerals  provisionally  included  under  tbe  name  urauiuile  are  as  follows: 

1.  Crystallized,  Uranniobiie  from  ^ or w&y.  In  crystals,  usually  octabedral,  witli  G. 
"irvin«:  for  the  most  part  from  90  to  9*7 ;  occurs  as  an  origiunl  constitueui  of  coarse 
rriuiiti's.  The  variety  from  Branch ville,  which  is  as  free  from  alteration  as  any  yet 
AHiniiied.  contains  chiefly  UOa  with  a  relatively  small  amount  of  Ud.  Tboria  is  prom- 
iit.'iit.  while  the  earihs  of  the  lanlbunum  and  yttrium  groups  are  only  sparingly  represented. 

liroggerite^  as  analyzed  by  llillebrand,  gives  the  oxygen  ratio  of  UOs  to  other  bases  of 
!>niii  1  :  1;  it  occurs  in  octahedral  crystals,  also  with  d  and  a,     G.  =  9*03. 

Clereits  and  nivenite  contain  UOa  in  larger  amount  than  the  other  varieties  mentioned. 
11(1  are  characterized  by  containing  about  10  p.  c.  of  the  yttrium  earths.  Cleveite  is  a 
ill  iety  from  the  Arendal  region  occurring  in  cubic  crystals  modified  by  the  dodecahedron 
i!i(l  octahedron.'  G.  =  7'49.  It  is  particularly  rich  iu  the  gas  helium.  Nivenite  occurs 
iia-^Hive,  with  indistinct  crystallization.  Color  velvet-black.  H.  =  5  5.  G.  =  801.  It 
H  more  soluble  than  other  kinds  of  uraninite,  being  completely  decomposed  by  the  action 
ur  one  hour  of  very  dilute  sulphuric  acid  at  100**. 

3.  Jfa««w,  probably  amorphous.  Pitchblende.  Uranpecberz  ^^m.  Contains  no  tboria; 
hi",  rare  earths  also  absent.  Water  is  prominent  and  the  specific  gravity  is  much  lower,  in 
•  •me  causes  not  above  6'5;  these  last  differences  are  doubtless  largely  due  to  alteration. 
I  re  belong  the  kinds  of  pitchblende  which  occur  in  metalliferous  veins,  with  sulphides  of 
i:ver.  lead,  cobalt,  nickel,  iron,  zinc.  cop])er,  as  that  from  Johanngeorgenstadt,  Pfibram, 
ir. ;  probably  also  that  from  Black  Hawk.  Colorado  (Hillebrand). 

Pyr.,  etc. — ^B.B.  infusible,  or  only  slightly  rounded  on  the  edges,  sometimes  coloring 
lie  outer  flame  green  (copper).  With  borax  and  salt  of  phosphorus  gives  a  yellow  bead  in 
).F  .  becoming  green  in  R.F.  (uranium).  With  soda  on  charcoal  gives  a  coalinjr  of  lead 
ixi<ie,  and  frequently  the  odor  of  arsenic.  Many  specimens  give  reactions  for  sulphur  and 
ii-f^enic  in  the  open  tube  Soluble  in  nitric  and  sulphuric  acids;  the  solubility  differs 
videly  in  different  varieties,  being  greater  in  those  kinds  containing  the  rare  earths.  Not 
t  tract  able  by  the  magnet. 
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Obfl. — As  noted  above,  urauinite  occurs  either  as  a  primary  constituent  of  granitic  roi  U 
or  as  :i  secondary  mineral  with  ores  of  silver,  lead,  copper,  etc.  Under  the  latter  cond:i.  :. 
it  is  found  at  Jobanngeorgenstndt.  Marieuberg,  and  Scbneeberg  in  Saxony,  at  JoachimsiL.. 
ami  Pribram  in  Bohemia,  and  llezbfinya  in  Hunrary.  Occurs  in  Norway  in  pegmaiie 
veins  at  several  points  near  Moss,  viz.:  Auuer5d  {broggeriU),  Elvestad,  etc.;  also  Ltt^r 
Areiuinl  at  the  Garta  feldspar  quarry  (cUveile),  associated  with  orlhite,  fergusonite,  thorite, 
etc. 

Id  the  U.  States,  at  the  Middletown  feldspar  quarry.  Conn.,  in  large  octahedrons,  rar^; 
at  Hale's  quarry  in  Glastonbury,  a  few  miles  N.£.  of  Middletown.  At  Branchville,  Conn  . 
in  a  pcgmaiite  vein,  as  small  octahedral  crystals,  embedded  in  albite.  In  N.  Carolina,  a* 
the  Flat  Rock  mine  and  other  niicu  mines  in  Mitchell  Co.,  rather  abundant,  but  ubiia  .} 
altered,  in  part  or  entirely,  to  gummite  and  urauopbane;  the  crystals  are  sometimes  an  iiu  :. 
or  more  across  and  cubic  in  habit.  In  S.  Carolina,  at  Marietta.  In  Texas,  at  the  gadolii.iir 
locality  in  Llano  Co.  {nitenite).  In  large  quantities  at  Black  Hawk,  near  Central  C:iy 
Colorado.  Rather  abundant  in  the  Bald  Mountain  district,  Black  Hills,  S.  Dakota.  A;- 
wiih  monaziti*,  etc.,  at  the  Villeneuve  mica  veins.  Ottawa  Co.,  Quebec,  Canada. 

Oummite.  An  alteration -product  of  uraninite  of  doubtful  composition.  In  roun>]r  1 
or  flattened  pieces,  looking  much  like  gum.  G.  =  3-»-4-20.  Luster  greasy.  Color  tc^.- 
dish  yellow  to  orange-red,  reddish  brown.     From  Johanngeorgenstadt,  also  Mitchell  C- .. 

N.  c: 

Yttrogummitb.     Occurs  with  cleveite  as  a  decomposition-product. 

I'HOROGi'MMiTE.  Occurs  with  fergusonite,  cyrtolite,  and  other  species  at  the  gadoll 
nite  locality  in  Llano  Co.,  Texas. 

UranosphcBiite.  (BiO),U,07.3HaO.  In  half-globular  aggregated  forms.  Color  orange 
yellow,  brick-red.    From  near  Schneeberg,  Saxony. 
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Oxygen  Salts. 
6.  SXTIiPHATES,  OHROMATES,  TEIiLXTRATES. 

A.  Anhydrous  Sulphates,  etc. 

The  important  Baeite  Group  is  the  only  one  among  the  anhydrous  sul- 
phates and  chromates. 

Maflcagnite.  Ammonium  sulphate,  (NH4)tS04.  Usually  in  crusts  and  stalactitic 
forms.     Occurs  about  volcanoes,  as  at  Etna,  Vesuvius,  etc. 

Taylorite.  5KaS04.(NH4)»S04.  In  small  compact  lumps  or  concretions.  From  the 
guano  of  the  Chiucha  Islands. 

Thenardite.  Anhydrous  sodium  sulphate,  NaaS04.  In  orthorhombic  crystals,  pyram- 
idal, short  prlsmati'!  or  tabular;  also  as  twius  (Fig.  846.  p.  118).  White  to  brownish. 
Soluble  in  water.  Often  observed  in  connection  with  salt  lakes,  as  on  the  shores  of  Lake 
Balkhasli,  Central  Asia;  similarly  elsewhere;  also  in  S.  America  in  Tarapaca.  In  the  U. 
S.  forms  extensive  deposits  on  the  Rio  Verde,  Arizona.  In  California,  al  Borax  Lake,  San 
Bernardino  Co. 

Aphthitalite.  Arcanite,  (E,Na)3804.  Rhombohedral;  also  massive,  in  crusts.  Color 
white.  From  Vesuvius,  upon  lava;  at  Douglashall  near  Westeregeln  in  blOdite;  Rocalmuto, 
Sicily. 

GIiAUBERITX]. 

Monoclinic.    Axes  a:t:i=  1-2200  : 1  :  1-0275;  /5  =  67°  49'. 
ca,        001  A  100  =  67'  49'.       c»,    001  A  111  =  48''    2'. 
mm'",  111  A  lil  =  96"*  58',       em,  001  A  110  =  76'  804'. 

In  crystals  tabular  |  c;  also  prismatic. 

Cleavage:  c perfect.  Fracture conchoidal.  Brittle, 
n.  =  2*5-3.  G.  =  2  7-2-85.  Luster  vitreous.  Color 
pale  yellow  or  gray;  sometimes  brick-red.  Streak 
white.  Taste  slightly  saline.  On  the  optical  prop- 
erties (see  p.  225). 

Comp.— Na,SO,.CaSO,  =  Sulphur  trioxide  57-6, 
lime  20-1,  soda  22*3  =  100;  or,  Sodium  sulphate  51-1, 
calcium  sulphate  489  =  100. 

Pyr.,  etc.— B.B.  decrepitates,  tunis  white,  and  fuses  at  1-5  to  a  while  enamel,  coloring 
the  flame  intensely  yellow.  On  charcoal  fuses  in  O.F.  to  a  clear  bead;  In  R.F.  a  portion 
is  absorbed  by  the  charcoal,  leaving  an  infusible  hepatic  residue.  Soluble  in  hydrochloric 
acid.  In  water  it  loses  its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  and  in  a  large  excess  this  is  completely  dissolved. 

Obg. — In  crystals  in  rock  salt  at  Villa  Rubia,  in  New  Castile,  Spain;  also  at  Aussee, 
Upper  Austria;  Berchtesgaden,  Bavaria;  Westeregeln;  Stassfurt.  In  crjrstals  in  the  Rio 
Verde  Valley,  Arizona,  with  thenardite,  mirabilite,  etc.;  Borax  lake,  San  Bernardino  Co., 
California. 

Langbeinita.  KsMg9(S04)a-  Isometric-tetartohedral.  In  highly  modified  colorless 
crystals.    G.  =  2*83.    From  Westeregeln,  Germany. 
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Barite  Group.    ESO,,    Orthorhombic. 

Barite 

Celestite 

Anglesite 

m  Am'"         dd'                oo' 
110  Alio    102aI02    Oil  a  Oil 
BaSO,      78''22i'        77°  43'         105"  26' 
SrSO,       75°  50'          78°  49'         104°    0' 
PbSO.       76°  16i'        78°  47'         104°  24i' 

0-8152  : 1 :  1-3136 
0-7790  : 1 :  1-2801 
0-7852  :  1  :  1-2S(»4 

Anhydrite       CaSO,      (83°  33')       (58°  31')        (90°    3')      08933  :  1  :  10006 

The  Barite  Group  includes  the  snlphates  of  barium,  strontium,  and  lead, 
three  species  which  art  closely  isoraorphous,  agreeing  not  only  in  axial  ratio 
but  also  in  crystalline  habit  and  cleavage.  With  these  is  also  included  calcium 
sulphate,  anhydrite,  which  has  a  related  but  not  closely  similar  form;  it  differs 
from  the  others  conspicuously  in  cleavage.  It  is  to  be  noted  that  the  carbon- 
ates of  the  same  metals  form  the  isomorphous  Aragokite  Oroup,  p.  353. 


BARTTB.     Heavy  Spar.    Barytes.     Schwerspath  Oerm. 
Orthorhombic.    Axes  &:h:i  =  0-8152  :  1 : 1-3136. 


mm''\  110  A  liO  =  78'  22J'. 
cd,        001  A  102  =  88*  51i'. 
CO,        001  A  Oil  =  52"  43'. 
964.  966. 


dtf".  102  A  102  =  102*  ir. 
oo"\  Oil  A  Oil  =  74*  84'. 
a,      001  A  111  =    64*  19*. 


966. 


967. 


!^^   <^^  d 
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968. 


my 
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^-7-^ 


960. 


v\ 


961. 
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M   w 


962. 


963. 


966. 


Crystals  commonly  tabular  Q  c,  and  united  in  diverging  groups  having  the 
axis  J  in  common;  also  prismatic,  most  frequently  |  axis  J,  d  (102)  predomi- 
natine:;  also  ||  axis  i,  m  prominent;  again  |  d,  with  o  (Oil)  prominent.  Also 
in  globular  forms,  fibrous  or  lamellar,  crested;   coarsely  laminated,  laminae 
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convergent  und  often  curved;  granular,  resembling  white  marble,  and  earthy; 
colors  sometimes  banded  as  in  stalagmite. 

Cleavage:  c  perfect;  m  also  perfect.  Fig.  954  the  form  yielded  by  cleavage; 
also  b  imperfect.  Fracture  uneven.  Brittle.  H.  =  2*5-3'5.  G.  =  4•3-4•6,' 
4  489  cryst.  Luster  vitreous,  inclining  to  resinous;  sometimes  pearly  on  Cy  less 
often  on  w.  Streak  white.  Color  wnite;  also  inclining  to  yellow,  gray,  blue, 
red,  or  brown,  dark  brown.  Transparent  to  translucent  to  opaque.  Sometimes 
fetid,  when  rubbed.  Optically +.  Ax.  pL  |  6.  BxJ.a.  21^  =  63^5', 
fly  =  1-6371,  (see  further  p.  224). 

Var. — Ordinary,  (a)  Crystals  usually  broad  or  stout;  sometimes  very  large;  again  in 
>len(ler  needles.  (6)  Ors$ted;  massive  aggregations  of  tabular  crystals,  the  crystals  project- 
iuvr  at  surface  into  crest-like  forms,  (c)  Columnar;  the  columns  often  coarse  and  loosely 
aggregated,  and  either  radiated  or  parallel;  rart-ly  line  fibrous,  (d)  In  globular  or  nodular 
roucretions,  subflbrous  or  columnar  within.  JEiologna  Stone  (from  near  Bologna)  is  here 
included;  it  was  early  a  source  of  wonder  because  of  the  phosphorescence  it  exhibited  after 
heating  with  charcoal.  *' Bologna  phosphorus"  was  made  from  it.  (e)  Lamellar,  either 
St  might  or  curved;  the  latter  sometimes  as  oggregutious  of  curved  scale-like  plates. 
(/ )  Granular,  {ff)  Compact  or  cr^rplocrystuUine.  (X)  Earthy.  (»)  Stnlactitic  und  stalug- 
mitic;  similar  in  structure  and  origin  to  calcareous  stalactites  and  stalasmites  and  of  much 
iieiiuty  when  polished,  {h)  Fetid;  so  called  from  the  odor  given  off  wnen  struck  or  when 
two  pieces  are  rubbed  together,  which  odor  may  be  due  to  carbonaceous  matters  present. 

The  barite  of  Muzsa],  Hungary,  and  of  Better,  near  Rosenau,  was  early  called  Wolnyn. 
Cawk  is  the  ordinary  barite  of  the  Derbyshire  lead  mines.  DreeUte,  supposed  to  be  rhom- 
bohedral,  is  simply  barite.  Michel-levy te  from  Perkin's  Mill,  Templeton,  Quebec  (described 
as  monoclinic),  is  peculiar  in  its  pearly  luster  on  m,  twinning  striatious,  etc. 

Goiap.^Barium  sulphate,  BaSO^  =  Sulphur  trioxide  34-3,  baryta  65-7  =  100. 

Strontium  sulphate  is  often  present,  also  calcium  sulphate;  further,  as  impurities,  silica, 
clay,  bituminous  or  carbonaceous  substances. 

Pyr.,  etc. — B.B.  decrepitates  and  fuses  at  8,  coloring  the  flame  yellowish  green;  the 
fused  mass  reacts  alkaline  with  test  paper.  On  charcoal  reduced  to  a  sulphide.  With  soda 
irives  at  first  a  clear  pearl,  but  on  continued  blowing  yields  a  hepatic  mass,  which  spreads 
out  and  soaks  into  the  coal.     This  reacts  for  sulphur  (p.  202).     Insoluble  in  acids. 

Diff. — Characterized  by  high  specific  gravity  (higher  than  celestite,  aragonite,  albite, 
calcite,  gypsum,  etc.) ;  cleavage ;  insolubility  ;  green  coloration  of  the  blowpipe  flame. 
Albite  is  harder  and  calcite  effervesces  with  acid. 

Obs. — Occurs  commonly  in  connection  with  beds  or  veins  of  metallic  ores,  especially  of 
lead,  also  copper,  silver,  cobalt,  manganese,  as  part  of  the  gangue  of  the  ore;  also  often 
n-com panics  stibnite.  Sometimes  present  in  massive  forms  with  hematite  deposits.  It  is 
met  with  in  secondary  limestones  and  sandstones,  sometimes  forming  distinct  veins,  and  in 
the  former  often  in  crystals  along  with  calcite  and  celestite;  In  the  latter  often  with  copper 
ores.  Sometimes  occupies  the  cavities  of  amyednloidal  basalt,  porphyry,  etc.;  forms  eaithy 
masses  in  beds  of  marl.  Occurs  as  the  petrifying  material  of  fossils  and  occupying  cavities 
in  them. 

Fine  crystals  are  obtained  at  the  Dufton  lead  mines,  Westmoreland,  England;  also  in 
Cumberland  and  Lancashire;  in  Derbyshire,  Staffordshire,  etc.;  Cleator  Moor;  Alston 
Moor.  In  Scotland,  in  Argyleshire,  at  Strontian.  Some  of  the  most  important  of  the 
ijwiiiy  European  localities  are  PelsObfinya,  Nagyb&nya,  Schemnitz,  and  Eremniiz,  in 
Hungary,  often  with  stibnite;  Httttenberg,  Carinthia;  Freiberg,  Marienberg,  in  Saxony; 
Cltiusthal  in  theHarz;  Ffibram,  Bohemia;  with  the  manganese  ores  of  Ilefeld,  (Ehrenstock, 
etc.;  Auver^e. 

In  tlie  U.  States,  formerly  in  Conn,,  at  Cheshire,  intersecting  the  red  sandstone  in  veins 
with  chalcocite  and  malachite.  In  J^.  York,  at  Pillar  Point,  opposite  Sackett's  Harbor, 
massive;  at  Scoharie.  fibrous;  in  St.  Lawrence  Co.,  crystals  at  De  Kalb;  the  crested  variety 
>u  Hammond.  In  Penn.,  in  crystals  at  Perkiomen  lead  mine.  In  Virginia,  at  EldridgeV 
pold  mine  in  Buckingham  Co.  In  If.  Carolina,  white  massive  at  Crowders  Mt.,  Gaston 
Co  ,  etc.  In  Tenn  ,  on  Brown's  Creek;  at  Haysboro',  near  Nashville:  in  large  veins  in 
sjindstone  on  the  W.  end  of  I.  Royale,  L.  Superior,  and  6n  Spar  Id..  N.  shore.  In  Mieaouri, 
not  uncommon  with  the  lead  ores;  in  concretionary  forms  at  Salina.  Saline  Co.,  Kansas. 
In  Colorado,  at  Sterlinsr,  Weld  Co  ;  Apishapa  Creek;  also  in  El  Paso  and  Fremont  Cos.  Iv 
fine  crystals,  near  Fort  Wallace,  New  Mexico. 
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In  Ontario,  in  Bathurst,  and  N.  Burgess,  Lanark  Co. :  Galway,  Peterborough  Co.;  as  large 
veins  ou  Jarvis,  McEellars,  and  Pie  islauds,  in  L.  Superior,  and  near  Fort  William,  Tbunuer 
Bay.  In  Nova  Scotia,  in  veins  in  the  slates  of  East  River  of  the  Five  Islands,  Colchester 
Co. 

Named  from  fiapvi,  Tuavy. 


OBLESTTTE.     Ccelestine. 
Orthorhombic.    Axes  d:h:d  =  0-7790  :  1 : 1-2800. 

966.  967. 


mm"\  110  A  110  =  75'  50'.  cd,  001  A  102  =  39'  24i'. 

el,        001  A  104  =  22'  20*.  eo,  001  A  Oil  =  52'    0'. 

Crystals  resembling  those  of  barite  in  habit;  commonly  tabtilar  |  c  or 
prismatic  ||  axis  a  or  J;  also  more  rarely  pyramidal  by  the  prominence  of  the 
forms  ip  (133)  or  x  (1^^^)-  ^^^o  fibrous  and  radiated;  sometimes  globular; 
occasionally  granular. 

Cleavage:  c  perfect;  m  nearly  perfect;  b  less  distinct.  Fracture  uneven. 
H.  =  3-3*5.  G.  =  3-95-3-97.  Luster  vitreous,  sometimes  inclining  to  pearly. 
Streak  white.  Color  white,  often  faint  bluish,  and  sometimes  reddish. 
Transparent  to  sub  translucent.  Optically  +.  Ax.  pi.  I  J.  Bx  J_  a.  2Ey  = 
89°  36'.     /?y  =  1-6237. 

Var. — 1.  Ordinary,  (a)  In  crystals  of  varied  habit  as  noted  above:  a  tinge  of  a  delicate 
blue  is  very  common  and  sometimes  belongs  to  only  a  par,t  of  a  crystal.  The  variety  from 
Montmartre,  called  apotome,  is  prismalic  by  extension  of  o  (Oil)  and  doubly  terminated  by 
Uie  pyramid  iff  (133).  (b)  Fibrous,  either  parallel  or  radiated,  (c)  Lamellar;  of  rare  occur- 
rence, id)  Granular.  («)  Concretionary.  (/)  Earthy;  impure  usually  with  carbonate  of 
lime  or  clay. 

€omp. — Strontium  sulphate  =  SrSO^  =  Sulphur  trioxide  43-6,  strontia 
56*4  =  100.     Calcium  and  barium  are  sometimes  present. 

Pyr.,  etc.— B.B.  frequently  decrepitates,  fuses  at  3  to  a  white  pearl,  coloring  the  flame 
strontia-red;  the  fused  mass  reacts  alkaline.  On  charcoal  fuses,  and  in  R.F.  is  converted 
into  a  ditficultly  fusible  hepatic  mass:  this  treated  with  hydrochloric  acid  and  alcohol  givts 
an  intensely  red  flame.     With  soda  on  charcoal  reacts  like  barite.     Insoluble  in  acids. 

Diff— Characterized  by  form,  cleavage,  high  specific  gravity,  red  coloration  of  the 
blowpipe  flame.  Does  not  effervesce  with  acids  like  the  carbonates  {e.g,,  strontianite^: 
specitic  gravity  lower  than  that  of  barite. 

Obs. — Usu ill ly  associated  with  limestone,  or  sandstone  of  various  ages;  occasionally  with 
metalliferous  ores,  as  with  galena  and  sphalerite  at  Condorcet,  France;  nt  Rezhanvri. 
Hungary;  also  in  beds  of  gypsum,  rock  salt,  as  nt  Bex,  Switzerland,  Ischl.  Austria.  Lune 
berg.  Hannover;  sometimes  fills  cavities  in  fossils,  e.g.,  ammonites;  with  sulphur  in  some 
volcanic  regions  as  at  Girgenti,  Sicily. 

Specimens,  finely  crystallized,  of  a  bluish  tint,  are  found  in  limestone  aboiit  Lake 
Huron,  particularly  on  Drummond  Island,  also  on  Strontian  Is..  Put-in-Bay.  L.  Erie,  ami 
at  Kingston  in  Ontario,  Canada;  Chaumont  Bay,  L.  Ontario.  Schoharie,  and  Lockpon, 
N.  Y.  A  blue  fibrous  celestite  occurs  at  Bell's  Mills,  Blair  Co  .  Penn.  In  Mineral  Ca. 
"W.  Virginia,  a  few  miles  south  of  Cumberland,  Md.,  in  pyramidal  blue  crystals.    In  Texas, 
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at  Lampasas,  large  crystals.  With  colexnanite  at  Death  Valley.  San  Bernardino  Co,» 
Calif oruia.  lo  Canada,  in  crystalline  masses  at  Kingston,  Frontenac  Co.;  Lansdown^ 
Leeds  Co. ;  iu  radiating  fibrous  masses  in  the  Lauren tian  of  Renfrew  Co. 

Named  from  ecdesttSy  celestial,  in  allusion  to  the  faint  shades  of  blue  often  present. 


ANaiiESmi.    Bleivitrlol,  Vitriolbleierz  Oerm. 
Orthorhombic.    Axes  &il\6^  0-7852  : 1  : 1-2894. 


968. 


969. 


970. 


mm"\  110  A  lIO  =  76*  16^' 
d,        001  A  104  =  22*  ly. 


ed,  001  A  103  =  89'  23'.' 
«>,  001  A  Oil  =  62'  12'. 


Crystals  sometimes  tabular  |  c\  more  often  prismatic  in  habit,  and  in  all  the 
tliree  axial  directions,  m,  dy  o,  predominating  in  the  different  cases;  pyramidal 
of  varied  types.     Also  massive,  granular  to  compact;  stalactitic;  nodular. 

Cleavage:  Cy  m  distinct,  but  interrupted.  Fracture  conchoidal.  Very 
brittle.  H.  =  2-75-3.  G.  =  6-3-6-39.  Luster  highly  adamantine  in  some 
specimens,  in  others  inclining  to  resinous  and  vitreous.  Color  white,  tinged 
yellow,  gray,  green,  and  sometimes  blue.  Streak  uncolored.  Transparent  to 
opaque.  Optically +.  Ax.  pL||ft.  Bx  JL  a.  2H,.y  =  89°' 62',  Dx.  Indices 
measured  by  Arzruni: 


For  C  at  20^ 
D     *' 
p      .. 

Dat    50* 

"     100* 
*•     200' 


1-86981 
1-87709 
1-89549 

1-87686 
1-87529 
1-87260 


P 

1 '87603 
1-88226 
1-90097 

1-88166 
1-88080 
1-87833 


r 

1-1 

1-89365 
1-91268 

1-89281 
1-89184 

1-88754 


2V  2V(calc.) 
75*  24'  68' 

77'  40^  69r 

82'  44'  72' 

89'  ir  77' 


Comp. — Lead  sulphate,  PbSO^  =  Sulphur  trioxide  26-4,  lead  oxide  73-6  =r 

100. 

Pyr.,  eto.—B.B.  decrepitates,  fuses  in  the  flame  of  a  candle  (F.  =  15).  On  charcoal 
in  O.F.  fuses  to  a  clear  pearl,  which  on  cooling  becomes  milk-white;  in  R.F.  is  reduced 
witli  effervescence  to  metallic  lead.  With  soda  on  charcoal  in  R.F.  gives  metallic  lead, 
and  the  soda  is  absorbed  by  the  coal.     Diflicultly  soluble  in  nitric  acid. 

Diff. — Characterized  by  high  specific  gravity:  adamantine  luster;  cleavage;  and  by  yield- 
ing lead  B.B.    Cerussite  effervesces  iu  nitric  acid. 

Obs.— A  result  of  the  decomposition  of  galena,  and  often  found  in  its  cavities;  also 
surrounds  a  nucleus  of  galena  in  concentric  layers.  First  found  in  England  at  Pai-y's 
mine  in  Anglesea;  at  Leadhills;  in  Derbyshire  and  in  Cumberland  in  crystals;  Clausthal, 
in  the  Harz;  near  Siegen  in  Prussia;  Schapbach  and  Badenweilcr  in  Baden;  Pels5banya 
and  elsewhere  in  Hungary;  Nerchinsk,  Siberia;  and  at  Monte  Poni.  Sardinia;  Granacfa: 
massive  in  Siberia,  Andalusia;  in  Australia,  whence  it  is  exported  to  England.  In  the 
Sierra  Mojaia.  Mexico,  in  immense  quantities,  mostly  massive. 

In  the  United  States  in  crystals  at  Wheatley's  mine,  Phenixville,  Pa.;  in  Missouri  lead 
mines;  iu  crystals  of  varied  habit  at  the  Mountain  View  mine,  Carroll  Co.,  Maryland.    Id 
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Colonido  at  various  poinU,  but  less  common  than  cerussite.  At  the  Cerro  Gordo  miDts '  f 
Culiformn  (argeutiferous  galena),  with  other  lead  minerals.  In  Arizona,  in  the  mines  c' 
the  Ctifitle  Dome  district,  Yuma  Co.,  and  elsewhere. 

Named  from  the  locality,  Auglesea,  where  it  was  first  found. 

ANHTDRTTE. 

Orthorhombic.    Axes  df :  i  :  <5  =  0-8933  : 1  :  1-0008. 

mm"',  110  A  liO  =  88*  S^  $/,  Oil  A  Oil  =  90*    8* 

r/,       101  A  101  =  96*  80*  bo,   010  A  HI  =  56' 19' 

Twins:  1,  tw.  pi.  d  (012);  2,  r  (101)  occasionally  as  tw.  lamellsB.     CrvicraN 
971.  not    common,   thick    tabular. 

y^-  also  prismatic  |  axis  I.     V^\ 

ally  massive,  cleavable,  fibroi.r. 
lamellar,  granular^  and  some- 
times impalpable. 

Cleavage:  in  the  three  pi' 
acoidal  directions  yielding  re  * 
angular  fragments  bnt  ^ii 
varying  ease,  thus,  c  very  jh - 
feet;  0  also  perfect;  a  son*- 
what  less  so.  Fracture  nne\>  . 
971,  972,  Stossfurt,  Hbg.     978,  Aussee,  Id.  sometimes    splintery.     Briti  • 

H.  =  3-3-5.    G.  =  2-899-2  l'^ 
Luster:  c  pearly, especially  after  heating  in  a  closed  tube;  a  somewhat  g^ea^\. 
b  vitreous;   in  massive  varieties,  vitreous  inclining  to  pearly.     Color  wLiii. 
sometimes  a  grayish,  bluish,  or  reddish  tinge;  also  brick-red.     Streak  gravi^ 
white.     Optically  +.     Ax.  pi.  ||  b.     Bx  J_  a.    2Er  =  70.     /3  =  1-576. 

Var.  —1.  Ordinary,    {a)  Crystallized;  crystals  rare,  more  commonly  massive  and  cl*  »• 
nble  in  its  three  rectangular  directions,     (b)  Fibrous;  either  parallel,  i-adiated  or  phin><  m. 
{c)  Fine  granular,     (d)  Scaly  granular.      Vulpinite  is  a  scaly  granular  kind  from  Viilp  :  ■ 
in  Lombardy;  it  is  cut  and  [)olislied  for  ornamental  purposes.    A  kind  in  contorted  coic 
tionary  forms  is  the  tripestone  {OekrdMtein  or  Sehlangefmlabaiter). 
2.  P^eudamorphout ;  in  cubes  after  rock-salt. 

Comp. — Anhydrous  calcium  sulphate,  CaSO^  =  Sulphur  trioxide  588,  lin » 
41-2  =  100.  I 

P5rr.,  etc.— B.B.  fuses  at  8,  coloring  the  flame  reddish  yellow,  and  yielding  an  eDair./ 
like  bead  which  reacts  alkaline.     On  charcoal  in  R.F.  reduced  to  a  sulphide;  with  ^y 
does  not  fuse  to  a  clear  globule,  and  is  not  absorbed  by  the  coal  like  barite;  is,  hovrevtr 
decomposed,  and  yields  a  mass  which  blackens  silver.     Soluble  in  hydrochloric  acid. 

DiiOf. — Characterized  by  its  cleavage  in  three  rectangular  directions  (pseudo-cub ir 
aspect);  harder  than  gypsum;  does  not  effervesce  with  acids  like  the  carbonates. 

Obs.— Occurs  in  rocks  of  various  ages,  especiuUy  in  limestone  strata,  and  often  the  s*^.   • 
that  contain  ordinary  gypsum,  and  also  very  commonly  in  beds  of  rock-salt;  at  ibe  -;. 
mine  near  Hall   in  Tvrol;  of  Bex,  Switzerland;  at  Aussee,  crystallized   and  nia.s- u 
Laneburg,  Hannover;  Kapnik  in  Hungary;  Wieliczka  in  Poland;  Ischl  in  Upper  An>r 
Berchtesgaden  in  Bavaria;  Stassfurt,  in  fine  crystals,  embedded  in  kieserite;  in  cavities 
lava  at  Santorin. 

In  the  U.  States,  at  Lockport,  N.  Y.,  fine  blue,  in  geodes  of  black  limestone,  with  cat 
and  gypsum;  in  limestone  at  Nashville,  Tenn.,  etc.     In  Nova  Scotia  it  forms  exieii-i^* 
beds. 

Anhydrite  by  absorption  of  moisture  changes  to  gypsum.    Extensive  beds  are  s«r 
times  thus  altered   in  part  or  throughout,  as  at  Bex,  in  Switzerland,  where,  by  dii:!:    - 
down  60  to  100  ft.,  the  unaltered   anhydrite  may  be  found.    Sometimes  specimen^  < 
anhydrite  are  altered  between  the  folia  or  over  the  exterior. 

Zinkosite.     ZnS04.    Reported  as  occurring  at  a  mine  in  the  Sieri*a  Almngrera.  Spair 

Hydrocyanite.    CUSO4.     Found  at  Vesuvius  as  a  pale  green  to  blue  incrustation  afi 
tbe  eruption  of  1868. 
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CROOOITB.    Rothbleierz,  Oerm. 
Monoclinic.     Axes  a  :  i  :  (J :  =  0-9603  :  1  :  0-9159;  /3  =  77°  33'. 


«»»*"M10  AliO  =  86M9'. 
ck,       001  A  101  =  49*  82'. 


if.  111  A  111  =  60*  50'. 
et,  001  A  111  =  46*  SS*. 


974. 


Crystals  usually  prismatic^  habit  varied.  Also  imperfectly 
columnar  and  granular. 

Cleavage:  m  rather  distinct;  c,  a  less  so.  Fracture  small  con- 
ohoidal  to  uneven.  Sectile.  H.  =  2*5-3.  6.  =  5-9-61.  Luster 
adamantine  to  vitreous.  Color  various  shades  of  bright  hyacinth- 
red.     Streak  orange-yellow.    Translucent. 

Comp. — Lead  chromate,  PbCrO^  =  Chromium  trioxide  31*1, 
lead  protoxide  68*9  =  100. 

P3rr.,  etc. — In  the  closed  tube  decrepitates,  blackens,  but  recovers  its 
original  color  on  cooling.    B.B.  fuses  at  1*5,  and  on  charcoal  is  reduced  to 
MiHallic  lead  with  deflagration,  leaving  a  residue  of  chromium  oxide,  and  giving  u  lend 
ooutiug.    With  salt  of  phosphorus  gives  an  emerald-green  bead  in  both  flames. 

Obfl.— First  found  at  Berezov,  in  crystals  in  quartz  veins;  also  at  Mursinka  and  near 
Nizhni  Tagilsk  in  the  Ural;  in  Brazil,  at  Conffonhas  do  Campo;  at  Rezb&uyu  in  Hungary, 
Mulrlawa  in  Hungary;  on  Luzon,  one  of  the  Philippines;  from  Tasmania;  in  the  Vulture 
^iistrict,  Maricopa  Co.,  Arizona. 

rhe  name  Groeoite  is  from  Kp6Koi,  iaffron. 

PhoBnicoohroite.  Pboeniciie.  A  basic  lead  chromate,  dPb0.2CrOs.  In  crystals  and 
liia^^sive.    Color  between  cochineal-  and  hyacinth-red.    From  Berezov  in  the  Ural. 

Vanquelinite.  A  phospbo-chromate  of  lead,  perhaps  2(Pb,Cu)Cr04.(Pb,Cu),PaO..  In 
i'lvstals;  also  mammiJlary  and  reniform.  Color  green  to  brown.  From  Berezov  in  the 
Ural. 


Sulphates  with  Chlorides,  Carbonates,  eto.—ln  part  hydrous. 


'LB  A  DHUililTB. 

Monoclinic.    Axes  A  :  i  :  (J  =  1-7476  :  1 :  2-2154;  /3  =  89^  48'. 


mm"\  110  A  ilO  =  120'  27'. 
cw,       001  A  IC  =    5r  86'. 


ex,  001  A  111  =  68'  81'. 
m,  001  A  110  =  89*  54'. 


Twins:  tw.  pi.  m,  analogous  to  aragonite.    Crystals  commonly  tabular  I  c. 
Cleavage:    c  very  perfect;    a  in   traces.    Fracture  conchoidal,  scarcely 
Dbgervable.     Bather  sectile.     H.  =  2'5.     G.  =  6'26-6'44.     Luster  of  c  pearly, 
)ther  parts  resinous,  somewhat  adamantine.    Color  white,  passing  into  yellow, 
jreen,  or  gray.     Streak  uncolored.    Transparent  to  translucent. 

Comp. — Sulphato-carbonate  of  lead,  perhaps  4PbO.SO,.2CO,.H,0= Sulphur 
irioxide  7*4,  carbon  dioxide  8-2,  lead  oxide  82*7,  water  1'7  =  100. 

Pyr..  etc.— B.B.  intnmesces,  fuses  nt  I'S.  and  turns  yellow;  but  becomes  white  on 
(0-^1  ing.  Easily  reduced  on  charcoal.  With  soda  affords  the  reaction  for  sulphuric  acid. 
BlTorvesces  briskly  in  nitric  acid,  and  leaves  white  lead  sulphate  undissolved.  Yields  water 
ii  tiie  closed  tube. 

i  Oba  — Pound  at  Leadhills,  with  other  ores  of  lead:  Red  Gill.  Cumberland;  at  Matlock, 
Derbyshire.  From  the  Mala  Calzetta  lead  mine  near  Iglesias,  Sardinia  (mcucite).  Observed 
lorn  Arizona,  at  the  Schulz  gold  mine  with  wulfenite,  vanadinite,  oenissite;  partly  altered 
I  cerussite. 

SusANNiTE.  Regarded  at  one  time  as  rhombohedral  and  dimorphous  with  leadhillite, 
jit  probably  only  a  modification  of  that  species.  From  the  Susanna  mine,  Leadhills,  in 
|X)tland. 
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Sulphohalite.  8NaaSO«.2NaCl.  In  pale  greeDish  yellow  dodecahedrons.  From  Bor^ 
lake,  SaD  Bernardino  Co.,  Cal. 

Oaracolite.  Perhaps  Pb(0H}Cl.Na»S04.  As  a  crystalline  incrustation.  Colorie>:^. 
From  Atacama. 

Kainite.  MgS04.KCl  -f  3HsO.  Usually  granular  massive  and  in  crusts.  Color  white 
to  dark  Hesh-red.     From  Stassfurt;  Kalusz,  Galicia. 

Oonnellite.  Probably  Cu,,(Cl,OH)4SOi«.15H»0.  Crystals  slender,  hexagonal  prism? 
(Fig.  204,  p.  69).     Color  tine  blue.    From  Cornwall. 

Spangolite.  A  highly  basic  sulphate  of  aluminium  and  copper,  Cut AlClSOi».9H90.  In 
dark  green  hexagonal  crystals  (hemimoiphic),  tabular  or  short  prismatic.  From  the  ueigL- 
borhood  of  Tombstone,  Arizona. 

Hanksite.  9Na98O4.2NasCOs.ECl.  In  hexagonal  prisms,  short  prismatic  to  tabular, 
also  in  quartzoids  (Figs.  202,  208,  p.  69).  Color  white  to  yellow.  From  Borax  Lake,  San 
Bernardino  Co.,  California;  also  from  Death  Valley.  Inyo  Co. 


B.  Acid  and  Basic  Sulphates. 

BCisenite.    Probably  acid  potassium  sulphate,  HESO4.    In  silky  fibers  of  a  white  color. 
From  Cape  Misene,  near  Naples. 


BROOHANnm. 

Orthorhombic.    Axes  &:h:i  =  0*7739  : 1 :  0-4871. 

In  groups  of  prismatic  acicular  crystals  {mm'"  =  75**  28^)  and  drasy  cms:?; 
massive  with  reniform  structure. 

Cleavage:  b  very  perfect;  m  in  traces.  Fracture  uneven.  H.  =  3*5-4. 
6.  =  3*907.  Luster  vitreous;  a  little  pearly  on  the  cleavage-face  6.  Cokr 
emerald-green,  blackish  green.   Streak  paler  green.  Transparent  to  translucent. 

Comp.— A  basic  sulphate  of  copper,  CuS0,.3Cu(0H),.or  4CuO.SO,.3H,0  = 
Sulphur  trioxide  17*7,  cupric  oxide  70*3,  water  120  =  100. 

P3rr.,  etc.— Yields  w&ter.  and  at  a  higher  temperature  sulphuric  acid,  in  the  closed  tu^ : . 
and  becomes  black.  B.B.  fuses,  and  on  charcoal  affords  metallic  copper.  With  soda  giv  > 
the  reaction  for  sulphuric  acid. 

Obfl.— Occurs  in  the  Ural;    the  kOnigine  (or  kdnigiie)  was  from  Gumeshevsk;    m"i 
Houghten  Gill,  in  Cumberland;  in  Cornwall  (in  part  wiringUmite);  at  Rezb&nya;   in  sin:. 
beds  at  Krisuvig  in  Iceland  {krisuvig\te)\  in  Mexico  (hrongnariiney,   Atacama.     In  :l: 
U.  States,  at  Monarch  mine,  Chaffee  Co.,  Colorado;    in  Utah,  Tintic  district,  at  the  Mau^ 
moth  mine. 

Lanarkite.  Basic  lead  sulphate,  Pb,SO..  In  monoclinlc  crystals.  Color  greeuiii 
white,  pale  yellow  or  gray.     From  Leadbills,  Scotland ;  Siberia;  the  Harz. 

Dolerophanite.  A  basic  cupric  sulphate,  CuiS06(?).  In  small  brown  moDocli'  i 
crystals.    From  Vesuvius  (eruption  of  1868). 

Oaledonite.  A  basic  sulphate  of  lead  and  copper,  perhaps  2{Pb,Cu)O.SO..H30.  \' 
small  prismatic  crystals.  Color  deep  verdigris-green  or  bluish  green.  From  Leadh:  - 
Red  Gill,  Cumberland,  etc.;  Inyo  Co.,  Cal. 

Linarite.  A  basic  sulphate  of  lead  and  copper,  (Pb,Cu)804.(Pb,CuXOH),.  In  d.^i 
blue  monoclinlc  crystals.  From  Leadhills;  Cumberland;  the  Ural,  etc.  Also  Inyo  Co 
California. 

ANTI.KRITE.  Perhaps  8CuSO«.7Cu(OH),.  In  light  green  soft  lumps.  From  the  Aii'> 
mine,  Mohave  Co.,  Arizona. 

Alumian.  Perhaps  AUOa.2SOs.  White  crystalline  or  massive.  Sierra  Almagrt^ 
Spain. 
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C.  Normal  Hydrous  Sulphates. 

Three  well-characterized  groups  are  included  here.  Two  of  these,  the 
Ei'SOMiTE  Group  and  the  Melanterite  Group,  have  the  same  general 
formula,  RSO^  +  7H,0,  but  in  the  first  the  crystallization  is  orthorhombic, 
in  the  second  monoclinic.  The  species  are  best  known  from  the  artificial 
orystals  of  the  laboratory;  the  native  minerals  are  rarely  crystallized.  There 
is  also  the  isometric  Alum  Group,  to  which  the  same  remark  is  applicable. 


Lecontite.     (Nft.NH4.K)aS04  +  2H,0. 
near  Comayagiia,  CeDtral  America. 


From  bat  guano  in  the  cave  of  Las  Piedras, 


MIRABILITE.     Glauber  Salt. 

Monoclinic.  Crystals  like  pyroxene  in  habit  and  angle.  TJsually  in 
efflorescent  crusts. 

Cleavage:  a  perfect;  c,  ft,  in  traces.  H.  =  1*5-2.  G.  =  1*481.  Luster 
vitreous.  Color  white.  Transparent  to  opaque.  Taste  cool,  then  feebly 
saline  and  bitter. 

Comp.— Hydrous  sodium  sulphate,  Na,SO^  +  10H,0  =  Sulphur  trioxide 
24-8,  soda  19-3,  water  55-9  =  100. 

Pyr.,  etc.— In  the  closed  tube  much  water;  gives  an  Intense  yellow  to  the  flame.  Very 
soluble  in  water.     Loses  its  water  on  exposure  to  dry  air  and  falls  to  powder. 

ObB.— Occurs  at  Ischl,  Hallstadt,  and  Aussee  in  Upper  Austria;  also  in  Hungary, 
Swiizerland,  Italy;  at  the  hot  springs  at  Car^bad,  etc.  Large  quantities  of  this  sodium 
sulphate  are  obtained  from  the  waters  of  Great  Salt  Lake,  Utah. 

Kieserite.  Mg80«  +  H,0.  Usually  massive,  granular  to  compact.  Color  white, 
j^rayish,  yellowish.    From  Stassfurt;  Hallstadt;  India.    * 

'Ssmikite.  MnSO*  +  HaO.  Stalactitic.  Whitish,  reddish.  Prom  FelsOb&nya,  Hun- 
gary. 


QTPSUM. 

Monoclinio. 


Axes  A:i:6:  =z  0-6899  : 


975. 


otto'",  110  A  110  =  68*30'. 
ed,       001  A  101  =  28*  IT. 
ei,        001  A  iOl  =  88*    8*'. 
ce,       001  A  103  =11°  29'. 
W,      Oil  A  Oil  =  44*  17f . 

976.  977. 


1:0-4124;  /?  =  80^2'. 

ir.  111  A  111  =  86'  ly. 
nn\  ill  A  ill  =  4r  20'. 
ml,  110  A  in  =49"  9'. 
mn,  110  A  ill  =  69'  15'. 

978. 


979. 


^iZD^ 


^^ks^ 


Crystals  nsnally  simple  in  habit,  common  form  flattened  ||  h  or  prismatic  to 
acicular  ||  6\    again  prismatic  by  extension  of  /  (111).    Also  lenticular  by 
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rounding  of  I  (111)  and  e  (l03).  The  form  e  (l03),  whose  faces  are  usnallf 
rough  and  convex,  is  nearly  at  right  angles  to  the  vertical  axis  (edge  m/m'"  \ 
hence  the  apparent  heinimorphic  character  of  the  twin  (Fig.  979).  Simple 
crystals  often  with  warped  as  well  as  curved  surfaces.  Also  foliated  massive; 
kmellar-stellate;  often  granular  massive;  and  sometimes  nearly  impalpable. 
Twins:  tw.  pi.  a,  very  common,  often  the  familiar  swallow-tail  twins. 

Cleavage:  h  eminent,  yielding  easily  thin  polished  folia;  a  (100),  giving  a 
surface  with  conchoidal  fracture;  n  (111),  with  a  fibrous  fracture  ||  /  (lOl);  a 
cleavage  fragment  has  the  rhombic  form  of  Fig.  549,  p.  222,  with  plane  an- 
gles of  66°  and  114^  H.=  1-5-2.  G.=  2-314-2-328,  when  in  pure  crystals.  Lus- 
ter of  h  pearly  and  shining,  other  faces  subvitreous.  Massive  varieties  often 
glistening,  sometimes  duU  earthv.  Color  usually  white;  sometimes  gray» 
flesh-red,  honey-yellow,  ocher-yellow,  blue;  impure  varieties  often  black, 
brown,  red,  or  reddish  brown.     Streak  white.    Transparent  to  opaque. 

Optically  +•  Ax.  pi.  |  ^  and  Bx  A  ^  =  +  52^°  (at  9-4°  C),  (cf.  Figs.  549. 
550,  p.  222).  Dispersion  p>  v\  also  inclined  strong.  Bx,  A  Bx^  =  0°  30', 
2Er  =  95^  14'  at  20^  Ay  =  1-5226,  >/  -  a  =  0*009.  On  the  effect  of  heat 
on  the  optical  properties,  see  p.  225. 

Var.— 1.  Oryatallued,  or  SeUnite;  colorless,  transparent;  in  distinct  crystals,  or  broad 
folia,  often  large.  Usually  flexible  and  yielding  a  fibrous  fracture  |  t  (101),  but  the  Tariety 
from  Montmartre  rather  brittle. 

2.  Fibrous;  coarse  or  flue.  Called  Satin  spar,  when  fine-flbrous,  with  pearly  opal- 
escence. 

8.  Massive;  Alabaster,  a  floe-grained  variety,  white  or  delicately  shaded;  eartJty  or  rock- 
gypsum,  a  diiD-colored  rock,  often  impure  vrith  clay,  calcium  carbonate  or  silica. 

Also,  in  caves,  curious  curved  forms,  often  grouped  in  rosettes  and  other  shapes. 

Comp.— Hydrous  calcium  sulphate,  CaSO^  +  2H,0  =  Sulphur  trioxide 
46-6,  lime  32-5,  water  209  =  100. 

Pyr.,  etc.— In  the  closed  tiibe  gives  off  water  and  becomes  opaque.  Fuses  at  2*5-:3. 
coloring  the  flame  reddish  yellow.  For  other  reactions  see  Anhydrite,  p  528.  leniled 
at  a  temperature  not  exceeding  260**  C,  it  again  combines  with  water  when  moistened,  anil 
becomes  firmly  solid.     Soluble  in  hydrochloric  acid,  and  «l«o  in  400  to  500  parts  of  water 

Diflf.— Characterized  by  its  softness  in  all  varieties,  and  by  cleavages  in  crystallized  kinds 
it  does  not  effervesce  wiih  Hcids  like  calcite,  nor  gelatinize  like  the  zeolites;  harder  than  talc 
and  yields  much  water  in  the  tube. 

Obs.— -Gvpsum  often  forms  extensive  beds  in  connection  with  various  stratified  nn-ks, 
espt'cially  limestones,  and  raarlites  or  clay  beds.  It  occurs  occasionally  in  crystalline 
rocks.  It  is  also  a  product  of  volcanoes,  occurring  aliout  fumaroles.  or  where  sulphur 
gases  are  escaping,  being  formed  from  the  sulphuric  acid  generated,  and  the  lime  affordcl 
by  the  decomposing  lavas.  It  is  also  produced  by  the  decomposition  of  pyrite  when  lime 
is  present.  Gypsum  is  also  deposited  on  the  evaporation  of  sea-water  and  brines,  in  which 
it  exists  in  solution. 

Fine  specimens  ure  found  in  the  salt  mines  of  Bex  in  Switzerland;  Hall  in  Tyrol;  tbe 
sulphur  mines  of  Sicily:  in  the  clay  of  Shotover  Hill,  near  Oxford;  and  large  lenticular 
crystals  at  Montmartre.  near  Paris.  A  noted  locality  of  alabaster  occurs  at  Castelino, 
85  m.  from  Leghorn,  whence  it  is  taken  to  Florence  for  the  manufacture  of  vase?, 
figures  etc. 

Occurs  in  extensive  beds  in  several  of  the  United  State",  and  more  particularl v  N.  York. 
Ohio,  Illinois.  Virginia.  Tennessee,  and  Arkansas,  and  is  usually  associated  with  sal: 
springs,  also  with  rock  salt.     Also  on  a  large  scale  in  Nova  Scotia,  etc. 

Handsome  selenite  and  snowy  gypsum  orcnr  in  N.  York,  near  Lockport  in  Hmestone. 
In  Maryland,  large  grouped  crystals  on  the  St.  Mary's  in  rlny.  In  Ohio,  large  transparetit 
crystals  have  been  found  at  Ellsworth  and  Can  field.  Trumbull  Co.  In  Tsnn,^  selenite  niul 
alabaster  in  Davidson  Co.  In  Kentucky,  in  Mammoth  Cave,  it  has  the  forms  of  rosettes, 
or  flowers,  vines,  and  shrubbery.  Also  common  in  iso  ated  crystals  and  masses,  in  the 
Cretaceous  clays  in  the  western  U.  S.  In  enormous  crystals,  several  feet  in  length,  it* 
Wayne  Co.,  Uiah.  In  N.  Scotia,  in  Sussex,  Kings  Co.,  large  single  and  grouped  crystals, 
which  mostly  contain  much  symmetrically  disseminated  sand. 
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Named  from  yvi>oi,  the  Greek  for  the  mineral,  but  more  especially  for  the  ealeinsd  min- 
eral. The  derivutiou  ordinarily  suggested,  from  y^,  earth,  and  ei/feiy,  to  cook,  corresponds 
K'iih  this,  the  most  common  use  of  the  word  amuug  the  Greeks. 

Burnt  gypsum  is  called  Pkutsrof-Parii,  because  the  Montmartre  gypsum  quarries,  near 
Pans,  are.  and  have  long  been,  famous  for  affording  it. 

nesite.  (Mn,Zn,Fe)S04  +  4HsO.  In  loosely  adherent  aggregates.  Color  clear  green. 
Prom  Colorado. 


Epsomite  Group.     RSO,  +  7H,0.     Orthorhombic. 

Epsomite  MgSO,  +  7H,0  &:h:i=:  0-9902  :  1  :  0*5709 

(Fe,Mg)SO,+  7H.O 
}0Blarite  ZnSO,  +  7H,0  0  9807  :  1  :  0-5631 

Ferro-goslarite        (Zn,Fe)  SO,  +  7H,0 
forenosite  NiSO,  +  7H,0  0-9816 :  1 : 0-5655 

SPSOBftlTB.    Epsom  Salt. 

Orthorhombic.  Usually  in  botryoidal  masses  and  delicately  fibrous  crusts. 
I'lcavage:  b  very  perfect.  Fracture  conchoidal.  H.  =  2-0-2-5.  G.  =  1-751. 
^.lister  vitreous* to  earthy.  Streak  and  color  white.  Transparent  to  trans- 
ucent.     Taste  bitter  and  saline. 

Comp. — Hydrous  magnesium  sulphate,  MgSO,  +  7H,0  =  Sulphur  trioxide 
12*5,  magnesia  16  3,  water  51  2  =  100. 

Obs. — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillary  efflorescence  on 
'ocks.  in  the  galleries  of  miucs.  and  elsewhere.  In  the  former  stale  it  erJsts  at  Epsom,. 
t;n<;]and,  and  at  Sedlitz  and  Saidschilz  (or  SaidschDtz)  iu  Bohemia.  At  Idria  in  Curniola 
t  occurs  in  silky  fibers,  and  is  hence  called  hairsalt  by  the  workmen.  Also  obtained  nX  ihe 
rypsum  quarries  of  Montmartre,  near  Paris.  Also  found  at  Vesuvius,  at  the  eruptions  «»f 
^oOand  1855. 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
r  <^rances  covered  with  epsomite,  in  minute  crystals.  min<;led  with  the  earth.  In  the 
klammoth  Cave,  Ky.,  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

Gofllarite.    ZnSOi  -j-  THjO.     Commonly  massive.      Color  white,  reddish,  yellow isli 
^>rti)ed  by  the  decomposition  of  sphalerite,  and  found  in  the  passages  of  mines,  as  at  tho 
{■immelsberg  mine  near  Goslar,  in  the  Hara.  etc.     In  Montana  at  the  Gagnon   mine. 
5nt'p.     FerrogoBlarite  (49  p.  c.  FeS04)  occurs  with  sphalerite  at  Webb  City,  Jasper  Co.. 
[i>vouri. 

Morenosite.  NiSO*  -h  7HaO.  In  aclcular  crystals;  also  fibrous,  ns  an  efflorescence, 
'"''^r  npple-green  to  greenish  white.  A  result  of  the  alteration  of  nickel  ores,  as  near 
jipe  Horiegal,  in  Galicia;  Rlechelsdorf,  in  Hesse,  etc. 


felanterite 

Luckite 
faJardite 
•uamte 
tieberite 

Melanterite  Group.     RSO,  +  7H,0.     Monoclinic. 

FeS0,  +  7H,0      A  :  J  :  <5  =  1-1828  : 1  : 1-5427    /3  = 

(Fe,Mn)SO,  +  7H,0 

MnSO,  +  7H.0 

(Fe,Cu)SO.  +  7H,0               1-1609  : 1  :  1  5110 

CoSO,  +  7H,0                        1-1815  : 1 : 1-5325 

=  75°-14' 

74°  38' 
•5°  20' 

\ 


Cupromagnesite  (Cu,Mg)SO,  +  7H,0 
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Chalcanthite  CuSO,  +  5H,0  Triclinic 

u'.h  ',i  =  0-5656  :  1  :  0*5507;  a  =  82°  21',  ft  =  73°  11',  y  =t  77**  37' 

The  species  here  included  are  the  ordinary  vitriols.  They  are  identical  in 
general  formula  with  the  species  of  the  Epsomite  group,  and  are  regarded  us 
the  same  compound  essentially  under  oblique  crystallization.  The  copptr 
sulphate  diverges  from  the  others  in  crystallization,  and  contains  but  :• 
of  water. 

MBLANTBRTTB.     Copperas. 

Monoclinic.  Usually  capillary,  fibrous,  stalactitic,  and  concretionarr : 
also  massive,  pulverulent.  Cleavage:  c  perfect;  m  less  so.  Fracture  ci.i.- 
choidal.  Brittle.  H.  =  2.  G.  =  1-89-1 '90.  Luster  vitreous.  Color,  vario: - 
shades  of  green,  passing  into  white;  becoming  yellowish  on  exposure. 
Streak  uncolored.  Subtransparent  to  translucent.  Taste  sweetish,  astriugci:- . 
and  metallic. 

Comp. — Hydrous  ferrous  sulphate,  FeSO^  +  7H,0  =  Sulphur  trioxide^.^  ^. 
iron  protoxide  25-9,  water  45*3  =  100.  Manganese  and  magnesium  sometimes 
replace  part  of  the  iron. 

ObB. — Proceeds  from  the  decomposition  of  pyrite  or  marcasite;  thus  uear  Goslar  in  tli. 
Harz;  Bodenmais  in  Bavaria;  Falun,  Sweden,  and  elsewhere.    Usually  accompanies  pyr: 
in  the  U.  States,  ns  an  eQlorescence.     Luckite  (1*9  p.  c.  MnO)  is  from  the  "Lucky  Bo} 
mine.  Butterfield  CufioD,  Utah. 

Mallardite.     MnS04  +  7HaO.     Fibrous,  mnssive;  colorless.    From  the  mine  **Luc£. 
Boy,"  south  of  Salt  Lake,  Utah. 

Pisanlte.     (Fe.Cu)S04  +  7HaO.     CuO  10  to  15  p.  c.     In  concretionary  and  stalactit  c 
forms.     Color  blue.     From  Turkey. 

Salvadorite,     a    copper-iron    vitriol    near    pisanlte.     IProm    the    Salvador    n.i:r 
ijuetena,  Chili. 

Bieberite.     C0SO4  -4-  7H»0.     Usually  in  stalactites  and  crusts.     Ct)lor  flesh-  and  n.*?;- 
red.     From  Bieber,  in  Hesse,  etc.     Cupromagnsnie  is  from  Vesuvius. 


CHALOANTHITE.    Blue  Vitriol.     Kupfervltriol  Oerm. 

Triclinic.  Crystals  commonly  flattened  |  ;?  (Ill)  (Figs.  339-341,  p.  lO^i. 
Occurs  also  massive,  stalactitic,  reniform,  sometimes  with  fibrous  structure. 

Cleavage:  Af,  m,  p  imperfect.  Fracture  conchoidal.  Brittle.  H.  =  t?:*. 
G.  =  212-2  30.  Luster  vitreous.  Color  Berlin-blue  to  sky-blue,  of  differcr* 
shades;  sometimes  a  little  greenish.  Streak  uncolored.  Subtransparent  :• 
translucent.     Taste  metallic  and  nauseous. 

Comp. —Hydrous  cupric  sulphate,  CuSO^  +  5H,0  =  Sulphur  trioxide  3*?  1, 
oupric  oxide  31-8,  water  36*1  =  100. 

Pyr..  etc.— In  the  closed  tube  yields  water,  and  at  a  higher  temperature  sulphur  tri- 
oxide. B.B.  with  soda  on  charcoal  yields  metallic  copper.  With  the  fluxes  re«ct«5  f. : 
copper  Soluble  in  water;  a  drop  of  the  solution  placed  on  a  surface  of  iron  coats  it  wirh 
metallic  copper. 

Obs.— Pound  in  waters  issuing  from  mines  and  in  connection  with  rocks  containin? 
chalcopyrite.  by  the  alteration  of  which  it  is  formed;  thus  at  the  Rammelsber<r  mine  nei- 
Ooslar  in  the  Harz:  Falun  in  Sweden;  Parys  mine,  Anglesea:  at  various  mines  in  Co.  :* 
Wicklow:  Rio  Tinto  mine.  Spain.  Prom  the  Hiwassee  copper  mine,  also  in  lar^re  qua: 
tities  «t  other  mines,  in  Polk  Co.,  Tennessee.  In  Arizona,  near  Clifton,  Graham  Co.,  aci 
Jerome,  Yavapai  Co. 

Syngenite.  Kaluszite.  CaS04.KaS04  4*  H,0.  In  prismatic  (monoclinic)  crvstals. 
Colorless  or  milky-white.     From  Ealusz,  Galicia. 
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Low^te.  MgS0«.Kai80«  +  2iHtO.  Massive,  cleavable.  Color  pale  yellow.  From 
cbl,  Austria. 

Blddite.  MgSO«.Na,SO«  +  4HsO.  Crystals  short  prismatic,  monoclinic;  also  massive 
anular  or  compact.    Colorless  to  greenish,  yellowish,  red.    From  the  salt  mines  of  Ischl; 

H.illstadt  (HmanifiU);  at  Stassfurt;  the  salt  lakes  of  Astrakhan  {Mirakanite),  Asia;  India: 
iili,  etc. 

Leonite.  MgSOi.KaSOi  +  ^tO.  In  monoclinic  crystals  from  Westeregeln  and  Leo- 
lisball,  Germany. 

Boauinganltlte.    (NH4)tS04.Mg804  +  6H|0.    From  the  boric  acid  lagoons,  Tuscany^ 

Picromerite.  Mg804.E»804  +  6HtO.  As  a  white  crrstalline  incrustation.  From 
>siiTius  with  eyaiMehraiU,  an  isomorphons  species  in  which  copper  replaces  the  mag- 
sium.     Also  at  Stassfurt  {tehotniU);  at  Aschersleben;  Galusz  in  East  Galicia. 

PolybaUte.  2Ca804.Mg80«.E,S04  +  2HsO.  Usually  in  compact  fibrous  or  lamellar 
isses.  Color  flesh-  or  brick-red.  Occurs  at  the  mines  of  Ischl,  Hallstadt,  eta,  in  Au»^ 
a;  Berchtesgaden,  Bavaria;  Stassfurt. 


Alnm  Gronp,    Isometric. 


IIA1(S0,),  +  12H,0  or  R,S0..A1,(S0J,  +  24H,0. 
ilinita  Potash  Alnm  EA1(S0,).  +  12H,0 

lehermigita  Ammonia  Alum  (NHJ A1(S0J,  +  12H,0 

endoadta  Soda  Alnm  NaAI(SO,),  +  12H,0 

The  Aluks  proper  are  isometric  in  crystallization  and^  chemically,  are 
drons  snlphates  of  alnmininm  with  an  alkali  metal  and  12  ^ue,,  if  the  for* 
nla  is  donoled,  24)  molecnles  of  water.  The  species  here  included  occur 
ry  sparingly  in  nature,  and  are  best  known  in  artificial  form  in  tha 
t)oratory. 

The  Halotbichites  are  oblique  in  crystallization,  very  commonly  fibrous 
structure,  and  are  hydrous  sali)hates  of  aluminium  with  magnesium,  mang* 
ese^  etc. ;  the  amount  of  water  in  some  cases  is  given  as  22  molecules,  and  lu 
hers  24,  but  it  is  not  always  easy  to  decide  between  the  two.    Here  belong: 

Pickeringita.    Magnesia  Alnm.    Mg804.Al«(804)s  +  22HtO.    In  long  fibrous  masses; 

1  in  efliorescences. 

HalotrioUta.    Iron  Alum.     FeSO4.AU(804)a  +  24H«0.    In  yellowish  silky  fibrous 

ms. 

Apiohnita.      Manganese   Alum.       Mn804.Alt(S04)«  +  24H,0.      Bnshmanlte   coll- 
ie; MgO.     In  fibrous  or  asbestiform  masses;  also  as  crusts  and  efflorescences. 
Dietriohite.    (Zn,Fe,Mn)804.  AU(804)t  +  32H,0. 
Mabritb.    a  fibrous  alum  from  Egypt  supposed  to  contain  a  new  element,  masrium. 


Ooqnimlsite.     Fe,fS04)»  +  •HiO.     Rhorobohedral.    GraBular  massive.    Color  white, 

owish.  brownish.  From  the  Tierra  Amarilla  near  Copiapo,  Chili  (not  from  Coquimbo.) 

(Jnenstedtlte.    Fe9(S04)s  +  10H,O.    In    reddish    tobular   crystals.    With    coquimb- 

Chili. 

DilMte.     Fe/804)«  +  12HiO?    An  Orange-yellow  efflorescence  on  graphite.      From 

(Trail.  Bohemia. 

Alnnoflren.     Ala^804>«  -f  ISHaO.     Uaiiallr  in  delicnte  flbrons  masses  or  cnjsts;  massive. 

or  white,  or  tinged  with  yellow  or  red.    From  near  Bilin,  Bohemia;  Bodenmais;  Paster- 

I,  Tyrol, 


536  DESCRIPTIVE  HIKEBALOGY. 

Kr6hnkite.    CuS04.Na,804  +  2H,0.     Massive,  coarsely  fibrous.    Color    mzure-Wufc 
From  Calama,  Atacama. 


Phillipitb.  Perhaps  Cu804.Fe,(80«).  +  nHiO.  In  blue  fibrous  masses.  Chili.  Found 
at  the  copper  mines  in  the  Cordilleras  of  Condes,  province  of  Santiago,  Chili. 

Ferronatrite.  8Na,S04.Fe,(S04).  +  «HaO.  Rarely  in  acicular  crystals;  usually  in 
spherical  forms.  Color  greenish  or  gray  to  white.  From  Sierra  Gorda  near  Caracules» 
Chili. 

Rdmerita.  Perhaps  FeS04.Fe«(S04)«  +  12H|0.  In  tabular  crystals;  nanular,  maasTe. 
Color  chesnut-brown.    From  Qoslar  in  the  Harz;  Persia,  Chili 


Basic  Hydrous  Sulphates. 

lAiiglta.  Near  brochantite.  CuSO«.8CurOH)t  +  H,0.  Usually  in  flbro-lamellsr, 
concretionary  crusts.    Color  blue  to  greenish  blue.    Froo).  Cornwall. 

Herrengrundite.  2(CuOH),804.Cu(OH)«  -f  8H,0  with  one-fifth  of  the  copper  replacd 
bv  calcium.  In  thin  tubular  crystals;  usually  in  spherical  groups.  Color  emerald-grecL, 
bluish  green.    From  Uerrengrund,  Hungary. 

Xamaresite.    A  hydrous  basic  copper  sulphate  from  Laurion,  Greece. 

Oyanotiichita.  Lettsomite.  Perhaps  4CuO.AltO«.SOt.8H,0.  In  velvet-like  druses:  ii 
spherical  forms.  Color  bright  blue.  From  Moldawa  in  the  Banat;  Cap  Garonne,  France; 
In  Utah  aud  Aiizona. 

8«rpi«Kite.  A  basic  sulphate  of  copper  and  zinc.  In  minute  crystals*  tabular,  in  tuf& 
Color  bluish  green.    From  Laurion,  Greece. 


OOPIAPITB. 

Monoclinic.  Usually  in  loose  aggregations  of  crystalline  scales,  or  granuk 
massive;  incrusting. 

Cleavage:  ft  (010).  H.  =  2-5.  G.  =  2-103.  Luster  pearly.  Color  snlphnr 
yellow,  citron-yellow.     Translucent. 

Comp.— A  basic  ferric  sulphate,  perhaps  2Fe,0,.5SO,.18H,0  =  Sulphn 
trioxide  38-3,  iron  sesquioxide  30*6,  water  31*1  =  100. 

Mujf  is  an  old  term,  which  has  been  someinrhat  vaguely  applied.  It  seems  to  belong  i 
part  here  and  in  part  also  to  other  related  specidl. 

Pyr.,  etc.— Yields  water,  and  at  a  higher  temperature  sulphuric  acid.  On  cliarcca 
becomes  magnetic,  and  with  soda  affords  the  reaction  for  sulphuric  add.  With  the  fluxc 
reacts  for  iron.    Soluble  in  water,  and  decomposed  by  boiling  watw. 

Obs.— The  original  copiapite  was  from  Copiapo,  Chili. 

Other  hydrated  ferric  sulphates: 

Oastanita.    Fe,Ot.2SOt.8HiO.     Color  chestnut-brown.    From  Sierra  Gorda,  Chill 

Utahite.  8FefOt.2SO8.7H3O.  In  aggregates  of  fine  scales.  Color  orange-yellow 
From  the  Tintic  distr.,  Utah. 

Amarantite.  FetOs.2SOt.7HaO.  Usually  in  columnar  or  bladed  masses,  also  radiat^: 
Color  amaranth-red.  From  near  Caracoles.  Chili.  EohmannUe  is  the  same  partial 
altered;  this  is  probably  also  true  of  paponte. 

Fibroferrite.  FetOa.2SOa.l0H8O.  In  delicntely  fibrous  aggregates.  Color  pale  yellow 
nearly  white.     From  the  Tierra  Amarilla^enr  Copiapo,  Chili. 

Raimondite.  2Fe30t.8S08  THtO.  In  thin  six-sided  tables.  Color  between  honey-  an 
ocber-yellow.    From  the  tin  mines  of  Ebrenfriedersdorf ;  mines  of  Bolivia. 

Oarphosiderite.  8Fe9Oa.4SOs.10HtO.  In  reniform  masses,  and  incrustations;  alsoi 
micaceous  lamells.     Color  straw-yellow.     From  Greenland. 

Qlockerite.  2Fe3O9.SOa.6HaO.  Massive,  sparry  or  eartbv:  stalactitic.  Color  brow 
to  ocher-yellow  to  pitch-black;  dull  green.     From  Goslar  and  Modum. 

Knoicvillite.  A  hydrous  basic  sulphate  of  chromium,  ferric  iron,  and  aluminium.  I 
rhombic  plates.  Color  greenish  yellow.  From  the  Redington  mercury  mine,  Knoxvi.'* 
California. 
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Bedinotonitb.  a  hydrous  chromium  sulphate,  iu  flDely  fibrous  masses  of  a  pnle 
purple  color.    Same  locanty  as  knoxtrillile. 

Oyprusite.  Perhaps  TFe^Os.AliOs.lOSOs.HHaO.  An  aggregation  of  microscopic 
crystals.     Color  yellowish.    From  the  island  ot  Cyprus. 

Alnminite  (Websterite).  AliOt.SO«.9HiO.  Usually  iu  white  earthy  reniform  masses, 
compact.     From  near  Halle,  in  clay;  also  at  Newhaven,  Sussex,  and  elsewhere. 

Paraluminite.     Near  aluminite,  but  supposed  to  be  2AiiOt.SOs.l5HiO. 

Felsdbanjrite.  2AUOs.SOt.lOHiO.  Massive;  io  scaly  concretions.  Color  snow-white. 
From  near  FelsOb&nya,  Hungary. 

Botryogen.  Perhaps  MgO.FeO.FeiOt  4SOs.l8H,0.  Usually  in  reniform  and  botryoidal 
shapes.     Color  deep  hyacinth-red,  ocher-yellow.     From  FaluQ,  Sweden;  also  from  rersia. 

Sideronatrite.  2NasO.FeiOs4SOt.7HtO.  Fibrous,  nuissive.  Color  yellow.  From  the 
province  of  Tarapaci.  Chili.  Also  on  the  Urus  plateau,  near  Sarakaya,  on  the  island, 
Cheleken,  iu  the  Caspian  Sea  (urusite). 

VoltaiU.  Perhaps  5(K,.Fe)O.2(Al,Fe)tOt.l0SOt.l5H9O.  In  octahedrons,  etc.  Color 
dull  oil-green  to  brown  or  black.     From  the  solfatara  near  Naples;  also  Persia. 

MeUToltine.  Perhaps  5(Et.Na„Fe)0.8PeiOs.l2SOt.l8HiO.  In  aggregates  of  miuute 
yellow  scales.    Occurs  with  voltaite  in  Persia. 

AZiUNITU.    Alumstone.    Alaunstein. 

Rliombohedral.  Axis  d  =  1*2520.  In  rhombohedrons,  resembling  cubes 
{rr'  =  90°  50').  Also  massive,  having  a  fibrous,  granular,  or  impalpable 
texture. 

Cleavage:  c  distinct;  r  in  traces.  Fracture  flat  conchoidal,  uneven;  of 
massive  varieties  splintery;  and  sometimes  earthy.  Brittle.  H.  =  3'5>4.  G. 
=  2  58-2*752.  Luster  of  r  vitreous,  basal  plane  somewhat  pearly.  Color  white] 
sometimes  grayish  or  reddish.  Streak  white.  Transparent  to  subtranslucent! 
Optically  positive.  # 

Comp.— Hydrous  sulphate  of  aluminium  and  potassium,  K,0.3A1,0,.4S0,. 
6H,0  =  Sulphur  trioxide  38-6,  alumina  37*0»  potash  11'4,  water  13  0  =  100. 
The  formula  may  be  written  K(A10).(S0,).  +  3H,. 

Pyr..  etc.— B.B.  decrepitates,  and  is  infusible.  In  the  closed  tube  yields  water,  some- 
times also  ammonium  sulphate,  and  at  a  higher  temperature  sulphuTV)us  and  sulphuric 
oxides.  Heated  with  cobalt  solution  affords  a  fine  blue  color.  With  soda  and  charcoal 
infusible,  but  yields  a  hepatic  mass.     Soluble  iu  sulphuric  acid. 

Oba.— Forms  seams  in  trachytic  and  allied  rocks,  whei'e  it  has  been  formed  as  a  result 
of  the  alteration  of  the  rock  by  means  of  sulphurous  vapors:  as  at  Tolfa,  near  Civita 
Vecchia;  in  Hungary;  on  MIlo,  Grecian  Archipelago;  at  Mt.  Dore,  France.  In  the  U.  8., 
associated  with  diaspore,  in  rhombohedral  crystak,  tabular  through  the  presence  of  e  (0001) 
at  the  Rosita  Hills,  Custer  Co.,  Colorado. 

JAROSmi.     Gelbeisenerz. 

Rhombohedral.  Axis  6  =  1-2492;  rr'  =  GO*'  45',  cr  =  SS**  16'.  Often  in 
druses  of  minute  crystals;  also  fibrous,  granular  massive;  in  nodules,  or  as  an 
incrustation. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  H.  =  2  5-3  5.  G.  =  315- 
326  cryst.  Luster  vitreous  to  snbadamantine ;  brilliant,  also  dull.  Color 
ocher-yellow,  yellowish  brown,  clove-brown.     Streak  yellow,  shining. 

Comp.— K,0.3Pe.O,.4S0..6H,0  =  Sulphur  trioxide  31-9,  iron  sesquioxirle 
47-9,  potash  9  4,  water  10'8  =  100.   The  formula  may  be  written  K(FeO)  (SO  ) 
+  3H,0.  '•       ''• 

Oba— The  original  Gelbeisenerz  was  from  Luschitz,  l)etween  Kolosoruk  and  Bilfn. 
Bohemia,  in  brown  coal;  and  later  from  Modum,  Norway,  in  alum  slate.    The  1aro«itp  was 
from  Barrnnco  Jaroso,  in  the  Sierra  Almagrera,  Spain:  also  from  other  points.    In  the  U  S 
on  quartz  in  the  Vulture  mine,  Arizona;  in  Chaffee  County,  Col.;  Tinlic  district.  Utah      * 
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Iidwigite.  Perhaps  E90.3AIsOt.4SOs.9HtO.  lu  rouuded  ninsses,  similar  to  compact 
alunite.     Fouud  in  a  coal  bed  at  Tabrze  in  Upper  Silesia;  also  with  uluuiie  at  Toifa. 

Ettringite.  Perhaps  SCaO.AUOs.SSOs.SdHsO.  Id  minute  colorless  acicular  crystals. 
From  limestone- incltisions  in  lava,  near  Mayeu.  Rhenish  Prussia. 

Qaetenite.  MgO.Fe,Os.3S0..18H«0.  Massive,  in  indistinct  crystals.  Color  reddish 
brown.     From  Quetena,  Chili. 

Zinoaluminite.  2ZuS04.4Zo(OH)s.6A](OH}.  +  5HsO.  In  minute  hexagonal  plates. 
Color  white,  bluish.    From  Laurion,  Greece. 

Johannite.  A  brdrous  sulphate  of  uranium  and  copper.  In  druses  or  reniform  masses 
of  a  gi  eeu  color.    From  Joachimsthal. 

UranopUiU.  Perhaps  OaU«SsOsi.25HsO.  In  velvety  incrustations ;  yellow.  From 
Johanngeorgenstadt. 

ZippeiU,  wglianite,  uraeonU$  are  uncertain  uranium  sulphates,  also  from  Joachimsthal. 


Tellurates;  also  Tellurites,  Selenites. 

Montanita.  BisOa.TeOs.2H,0.  In  earthy  incrustations;  yellowish  to  white.  From 
Highland,  Montana,  with  tetradymite. 

Bmmonsite.  Probably  a  hydrated  ferric  tellurite.  In  thin  yellow-green  scalea.  From 
near  Tombstone,  Arizona. 

Dordenite.  Hydrous  ferric  tellurite,  Fe«(Te0«)t  +  4Hs0.  In  small  mammillary 
forms;  greenish  yellow.    Honduras. 


Ohaloomenita.  Hydrous  cupric  selenite,  CuSeOs  4-  2HtO.  In  small  bine  monoclinic 
crystals.    From  the  C0ITO  de  Cacheuta,  Argentina,  with  silver,  copper  selenides. 

MoLTBDOMEKiTB  Is  lead  selenite  and  Cobaltombnitb  probably  cobalt  aeknite,  from 
the  same  locality  as  chalcomenite. 
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Oxygen  Salts. 

7.    TXTNGSTATES,  MOLTBDATES. 

The  monoclinic  Wolframite  Oroup  and  the  tetragonal  Scheelite  Group  are 
included  here. 


Wolfiramlte  Group. 

Wolframite        (Fe,Mn)WO,         ail:  6  =  0-8300  :  1 
Hiibnerite  MnWO« 


0-8678 
0-8362  : 1 :  0*8668 


fi  =  89°  22' 

89°  lY 


WOI<FRABCITB.    Wolfram. 
Monoclinia    Axe»:  &:t:i-  0-8300  : 1  :  0-8678;  fi  =  89°  22'. 


c> 


mm'",  110  A  liO  =  79'  2^. 
at,        100  A  103  =  er  54'. 


a^,  100  A  102  =  62*  64'. 
JT'.  Oil  A  Oil  =  81*  64'. 


980. 


k 


Twins:  (1)  tw.  axis  i  with  a  as  comp.-face;  (2)  tw. 
pi.  k  (023),  Fig.  419,  p.  130.  Crystals  commonly  tabular 
I  a;  also  prismatic.  Faces  in  prismatic  zone  vertically 
striated.  Often  bladed,  lamellar^  coarse  divergent 
columnar,  granular. 

Cleavage  :     b  very  perfect;    also  parting  |  a,  and 
t  (102).       Fracture    uneven.      Brittle.      H.  =  5-5-5. 

=  7-2-7 '5.  Luster  submetallic.  Color  dark  grayish 
or  brownish  black.  Streak  nearly  black.  Opaque. 
Sometimes  weakly  magnetic. 

Comp.,  Tar.— .Tungstate  of  iron  and  manganese  (Fe,Mn)WO^.Fe  :  Mn  = 
chiefly  4  :  1  (FeO  18-9,  MnO  4-7  p.  c.)  and  2  :  3  (FeO  95,  MnO  14-0). 

Pyr.,  etc.— Fuses  B.B.  easily  (F.  =  3^-8)  to  a  globule,  whicb  has  a  cryBtalline  surface 
and  is  magnetic.  With  salt  of  phosphorus  gives  a  clear  reddish  yellow  glass  while  hot. 
which  is  paler  on  cooling;  in  li.F.  becomes  dark  red;  on  charcoal  with  tin.  if  not  too 
saturated,  the  bead  assumes  od  cooHds^  a  green  color,  which  continued  treatment  in  R  F. 
changes  to  reddish  yellow.  With  soda  and  niter  on  plntinum  foil  fuses  to  a  bluish  grei*n 
maueanate.  Decomposed  by  aqua  regia  with  separation  of  tungstic  acid  as  a  yellow 
powder.  Sufficiently  decomposed  by  concentrated  sulphuric  acid,  or  even  hydiociiloric 
acid,  to  give  a  colorless  solution,  which,  treated  with  metallic  zinc,  becomes  inteusi  ly  blue, 
but  soon  bleaches  on  dilution. 

Obs.— Wolframite  is  often  associated  with  tin  ores;  also  in  quartz,  with  native  bismuth, 
scheelite,  pyrite,  galena,  sphalerite,  etc.  In  fine  crystals  at  Schlnrkenwald,  Zinnwald; 
Schneeberg,  Freiberg,  Altenberg;  at  Nerchinsk,  Siberia:  Chanteloup,  near  Limoges, 
France:  near  Redruth  and  elsewhere  in  Cornwall  with  tin  ores.  In  8.  America,  at  Oruio 
in  Bolivia     With  tin  stone  at  various  points  in  New  South  Wales. 

In  the  U.  States  at  Lane's  mine.  Monroe.  Conn.;  Flowe  mine,  Mecklenburg  Co.,  N.  C, 
with  scheelite;  in  Missouri,  near  Mine  la  Motte. 

Hiibnerite.  Near  wolframite,  but  containing  20  to  25  p.  c.  MnO.  Usually  in  bladrd 
forms,  rarely  in  diftinct  terminated  crystals.     Color  brownish  red  to  hsir-brown  to  nearly 
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black.  Streft]^  yellowisb  brown,  greenish  gray.  Often  translucent.  Mammoth  dist., 
Nevada;  Ouray  County,  Col.;  near  Silvertou,  Sun  Juan  Co.;  Black  Hills,  8.  Dakota,  etc. 
Also  in  Peru,  and  in  rhodochrosite  at  Adervielle  in  the  Pyrenees. 


Scheelite  Group.    Tetragonal-pyramidal. 


Scheelite 
Cuprotungstite 

Cnproscheelite 
Powellite 
StoLdte 
Wnlfenite 


CaWO, 

CuWO, 

(Ca,Cu)WO, 

Ca(Mo,W)0, 

PbWO, 

PbMoO, 


ff'  (111  A  111)  =  79°  5H'    t  =  1-5360 


80°  1'. 

t  =  1-5445 

80°  15' 

6  =  1-5667 

80°  22' 

6  =  1-5771 

The  Scheelite  Group  includes  the  tangstates  and  molybdates  of  calciam 
and  lead;  also  copper.  In  crystallization  they  belong  to  the  Pyramidal  Group 
of  the  Tetragonal  System.     Wulfenite  is  probably  hemimorphic. 


SOHBBLrrB. 

Tetragonal-pyramidal.    Axis  6  =  1*5356. 


e^,  101  A  Oil  =  72*  40^. 
e$,  001  A  101  =  66-  W. 

981.  9B2. 


«/,  111  A  ill  =  79*  65t'. 
cp,    001  A  ill  =  65*  lei'. 


983. 


984. 


Forms:    <?  (102).    0(101),    /?(118),    p  (111).    *(616),    A  (813).     s,  (181). 

Twins:  (1)  tw.  pi.  a,  both  contact-  and  penetration-twins  (Fig.  378, 
p.  125).  Habit  octahedral,  also  tabular.  Symmetry  shown  by  faces  i%  7i,  s 
(Fig.  983).     Also  reniform  with  columnar  structure;  massiye  granular. 

Cleavage:  p  (111)  most  distinct;  e  (101)  interrupted.  Fracture  uneven. 
Brittle.  H.  =  4*5-5.  G.  =  5*9-6*l.  Luster  vitreous,  inclining  to  adamantine. 
Color  white,  yellowish  white,  pale  yellow,  brownish,  greenish,  reddish.  Streak 
white.  Transparent  to  translucent.  Optically +.  Indices:  o?- =  1*918. 
Cr  =  1-934. 

Comp.— Calcium  tungstate,  CaWO,  =  Tungsten  trioxide  80  6,  lime  19-4 
=  100. 

Molybdenum  is  usually  present  (to  8  p.  c).  Copper  may  replace  calcium,  see  cupro- 
scheelite. 

Pyr.,  etc.— B.B.  In  the  forceps  fuses  at  5  to  a  semi-transparent  .^lass.  Soluble  with 
borax  to  a  transparent  glass,  which  afterward  becomes  opaque  and  crystalline.  With  wilt 
of  phosphorus  forms  a  glass,  colorless  in  outer  flame,  in  inner  green  Vhen  hot,  and  fine 
blue  when  cold  ;  varieties  containing  iron  require  lo  be  treated  on  charc.^l  with  tin  before 
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be  blue  color  appears.  In  hydrochloric  or  nitric  acid  decomposed,  leaving  a  yellow 
bwder  soluble  iu  ammonia. 

Obs. — ^heelite  is  usually  associated  with  crystalline  rocks,  and  is  commonly  found  in 
oonection  with  cassiterite,  topaz,  fluorite,  apatite,  molybdenite,  or  wolfrumite,  in  quartz; 
Ift)  Hssocuited  with  Kold.  Thus  at  Schlackeuwald  and  Ziunwald,  Bohemia;  Altenberff, 
isxuny;  Hiesen^und  in  the  Riesengebirge;  the  Enappenwand  in  the  Untersulzbacbthal, 
Tyrol;"  Currock  Fells  in  Cumberland;  Traversella  in  Jriedmont;  Meymac,  Corr^ze,  France 
I'oniuiuing  TuiO*):  Sweden;  Pitkftranta  in  Finland.  In  I^ew  South  Wales,  at  Adelong, 
roiu  a  gold  mine;  Kew  Zealand,  massive;  Mt.  Ramsay,  Tasmania,  with  cassiterite. 

In  liie  U.  Slates,  at  Lane's  Mine,  Monroe,  and  at  Trumbull;  Flowe  mine,  Mecklenburg 
X,  N.  Curuliua;  the  Mammoth  mining  district,  Nevada;  with  gold  at  the  Charity  mine, 
(Varren's,  Idaho;  Lake  Co.,  Colorado.  In  quartz  veins  in  Risborough  and  Marlow, 
3cauce  county,  Quebec. 

CuprotuDgstite.  Cupric  tungstate,  Cu  W0«.  From  the  copper  mines  of  Llamuco.  near 
Santiago,  Chili.  CuPBoecHBSLiTB,  from  the  vicinity  of  1a  Paz,  Lower  California,  is 
Ca,Cii)VV04.  with  6*8  p.  c.  CuO;  color  green. 

Powellite.  Calcium  molybdate  with  calcium  tungstate  (10  p.  c.  WOt),  Ca(Mo,W)04. 
[q  minute  yellow  tetragonal  pyramids.  G.  =  4*849.  From  western  Idaho;  Houghton 
l'o..  Mich. 

Stolsite.  Lead  tungstate,  PbWO«.  In  pyramidal  tetragonal  crystals.  H.  =  2*75-8. 
6.  =  7-87-8-13.     Color  green  to  gray  or  brown.    Zinnwald. 

Raspit«.  Has  the  same  composition  as  stolzite,  but  is  referred  to  the  monoclinio 
system.  In  small  tabuhtr  crystals.  Color  brownish  yellow.  From  the  Broken  Hill  mines, 
New  South  Wales. 


WI7I«FJEINITJEI.    Qelbbleierz,  Molybdftnbleispath,  Germ, 
Tetragonal-pyramidal;  hemimorphic.    Axis  6  =  1*5 77L 

988. 


989. 


987. 


eu,  001  A  102  =  88*  15'. 
«.  001  A  101  =  67^  87. 
en,    001  A  111  =  65»  61'. 


uu',  103  A  012  =  5r  56'. 
e^,  101  A  Oil  =  78**  20'. 
nn\  111  A  ill  =  80*  22'. 


Crystals  commonly  square  tabular^  sometimes  extremely  thin;  less  fre-* 
fluently  octahedral;  also  prismatic.  Hemimorphism  sometimes  distinct. 
Also  granularly  massive,  coars6  or  fine,  firmly  cohesive. 

Cleava/a:e:  n  (111)  very  smooth;  c,  s  (113)  less  distinct.  Fracture  subcon- 
choidal.  Brittle.  H.  =  2'75-3.  G.  =  6-7-7-0.  Lgster  resinous  or  adaman- 
tine. Color  wax-  to  orange-yellow,  siskin-  and  olive-green,  yellowish  gray, 
irrayish  white  to  nearly  colorless,  brown;  also  orange  to  bright  red.  Streak 
white.  Snbtransparent  to  subtranslucent.  Optically  negative.  Indices: 
07,  =  2-402,  e^  =  2-304. 

Comp. — Lead  molybdate,  PbMoO^  =  Molybdenum  trioxide  39*3,  lead  oxide 
60*7  =  100.     Calcium  sometimes  replaces  the  lead. 
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P3pr., etc. — ^B.B.  decrepitates  and  fuses  below  3.  With  salt  of  phosphorus  in  O.F.  givefl 
a  yellowish-^reen  glass,  which  in  R.F.  becomes  dark  green.  With  ^oda  on  charcoal  yWAi 
metallic  lead.  Decomposed  ou  evaporation  with  hydrochloric  acid,  with  the  formaiiou  u1 
lead  chloride  and  molybdic  oxide;  on  moisteniuK  the  residue  with  water  and  .-uidicg 
metallic  zinc,  it  gives  an  intense  blue  color,  which  does  not  fade  on  dilution  of  the  liquid  ' 

Obs. — Occurs  in  veins  with  other  ores  of  lead.     At  Bleiberg,  Carinthia;   liezbary 
Hungary;  Pribram;  Moldawa  in  the  Banat;  Annaberg,  Schneeberg.  etc. 

In  the  U.  States,  sparingly  at  the  Southampton  lead  mine,  Mass.,  and  near  Sing  S>  i 
K.  Y.;  near  Phenixville,  Pa.;  at  the  Comstock  loile  in  Nevada;  in  large  thin  orange-yeii- 
tables  at  the  Tecomah  mine,  Utah.     In  New  Mexico,  pale  yellow  crystals  in  the  Or^.s 
Mts.    In  Arizona,  large  deep  red  crystals  at  the  Hamburg  and  other  miues,  TumnC 
often  with  red  vanadiuite;  also  at  the  Castle  Dome  district,  SO  miles  distant;  at  the  M:i 
moth  gold  mine  near  Oracle.  Pinal  Co.,  with  vanadinite  and  descloizite. 

Named  after  the  Austrian  mineralogist  W&lfen  (1728-1805). 


Relnit«.    Fenoiu  tunestate,  FeW04.    In  blackish-brown  tetragonal  pyramids,  perbspi 
peeudomorphouB.    H.  =  4.    G.  =  6-64.    Elimbosan,  Japan. 

Beloneait«.    Perhaps  MgMoOi.    In  minute  acicular  crystalB  at  Yesuyius. 


Vn.    8AI.TS  OF  ORaANZO  ACIDS. 
Oxalates,  Mellates. 

Whewallite.  Calcium  oxalate,  CaCi04  +  HiO.  In  small  colorless  monoclinic  ctts- 
lals.    From  Saxony,  with  coal. 

Ozammito.  Ammonium  oxalate,  (NH4)9Ci04  +  SHiO.  From  the  guano  of  ite 
Guafiape  Islands,  Peru. 

Hnmboldtine.  Hydrous  ferrous  oxalate,  2FeCs04  +  8HiO.  Color  yellow.  From 
near  Bilin,  Bohemia. 

Mellite.  Hydrous  aluminium  mellate,  AlsCnOn  +  I8H1O.  In  square  pyramids:  r/so 
massive,  granular.  O.  =  1'6&-1*66.  Color  hcmey-yellow.  Occurs  in  brown  coal  in  Thu- 
ringia,  Bohemia,  etc. 
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Tin.    HYDROCARBON  0OMPO1TNDS. 

The  Hydrocarbon  compounds  in  general,  with  few  exceptions,  are  noi  homogeneous 
iubsfaneei,  but  mixtures,  which  by  the  action  of  solvents  or  by  fractional  distillatiou  may 
be  separated  into  two  or  more  component  parts.  They  are  hence  not  definite  mineral  spe- 
cies and  do  not  strictly  belong  to  pure  Mineralogy,  rather,  with  the  recent  gums  and  re»ius, 
to  Cbemistry  or,  so  far  as  they  are  of  practical  value,  to  Economic  Geology.  In  the  follow- 
mg  pages  they  are  treated  for  the  most  part  with  great  brevity. 


1.  Simple  Hydrocarbont.  Chiefly  members  of  the  Paraffin  Series  CmH,„  +  s* 

ScHSBKBiUTB.  In  whitish  monoclinic  crystals.  Perhaps  a  polymer  of  marsh-gas 
(CH4).     Found  in  brown  coal  at  Uzoach,  Switzerland. 

Hatchsttite.  Mountain  Tallow.  In  thin  plates,  or  massive.  Like  soft  wax.  Color 
yellowish.  Katio  of  C  to  H  =  nearly  1  : 1.  From  the  Coal-measures  near  Merthyr-Tydvil 
in  Glamorganshire,  England. 

Paraffin.  A  native  crystallized  paraffin  has  been  described  as  occurring  in  cavities 
in  basaltic  lava  near  Paterno,  Sicily. 

OzocBRiTB.  Mineral  wax  pt.  Like  wax  or  spermaceti  in  appearance  and  consistency. 
Colorless  to  white  when  pure;  often  leek-greeu,  yellowish,  brownish  yellow,  brown. 
EsseutiuIIy  a  paraffin,  and  consisting  chiefly  of  one  of  the  hieher  members  of  the  series. 
Occurs  in  beds  of  coal,  or  associated  bituminous  deposits,  as  at  Slanik,  Moldavia;  Boryslaw 
iu  the  Carpathians.    Also  occurs  in  southern  Utah  on  a  large  scale. 

Zietriiikite,  ChriemaiiU,  ITrpe^tto  are  near  ozocerite. 

FiCHTBLiTE.  In  white  monoclinic  tabular  crystals.  Perhaps  CtHs.  Occurs  in  thia 
layers  of  pine  wood  from  peat-beds  near  Kedwitz.  in  the  Fichtelgebirge,  Bavaria. 
HarUie  has  a  similar  occurrence. 

Napalitb.  a  yellow  bituminous  substance  of  the  consistency  of  shoemaker's  wax. 
CaHi.    From  the  Phcsnix  mercury  mine  in  Pope  Valley,  Napa  county,  California. 


2.  Oxygenated  Hydrocarbons. 

Ahbbr.  Bernstein,  Oerm,  In  irregular  masses,  with  conchoidal  fracture.  H.  =  2-3 '5. 
G.  =  r096.  Luster  resinous.  Color  yellow,  sometimes  reddish,  brownish,  and  whitish, 
often  clouded,  sometimes  fluorescent.  Transparent  to  translucent.  Heated  to  ISO*"  begins 
to  soften,  and  finally  melts  at  250^-800".     Ratio  for  C,  H,  O  =  40  :  64  :  4. 

Part  of  the  so-called  amber  is  separated  mineralogically  as  eueeinite  (yielding  succinic 
acid).  Other  related  fossil  resins  from  many  other  regions  (e.  g.,  the  Atlantic  coast  of  the 
United  States)  have  been  noted.  Some  of  them  have  oeen  called  reHnite,  ff&danite,  gleisite, 
rumdniie,  HmeUie,  krantaiie,  ehemawinite,  etc. 

Amber  occurs  abundantly  on  the  Prussian  coast  of  the  Baltic  from  Dantzig  to  Memel ; 
also  on  the  coasts  of  Denmark,  Sweden,  and  tiie  Russian  Baltic  provinces,  it  is  mined 
extensively,  and  is  also  found  on  the  shores  cast  up  b^  the  waves  after  a  heavy  storm. 
Amber  and  the  similar  fossil  resins  are  of  vegetable  origm,  altered  by  fossilizaUon  ;  this  is 
inferred  both  from  its  native  situation  with  coal,  or  fossil  wood,  and  m)m  tlie  occurrence  of 
insects  incased  in  it.  Amber  was  early  known  to  the  ancients,  and  called  rfXeKzpov, 
clectrum,  whence,  on  account  of  its  electrical  susceptibilities,,  has  been  derived  the  word 
eieetrieUy, 

CoFAUTB,  or  Highgate  resin,  is  from  the  London  blue  clay.  It  is  like  the  resin  copal  in 
hardness,  color,  luster,  transparency,  and  difficult  solubility  in  alcohol.  Color  clear  pale 
yellow  to  dirty  gray  and  dirty  brown.    Emits  a  resinous  aromatic  odor  when  broken. 

The  following  are  oxygenated  hydrocarbons  occurring  with  coal  and  peat  deposits,  etc.: 

Bathtillitb.  Occurs  in  dull,  brown,  porous  lumps  in  the  torbanite  or  Boghead  coal 
(of  the  Carboniferous  formation)  adjoining  the  lauds  of  Torbane  Hill,  Bathville,  Scotland. 
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It  niny  be  an  altered  resio,  or  else  material  which  has  filtrated  into  the  cavity  from  llie 
surrounding  torlmuite. 

Tabmanite.  In  minute  reddish  brown  scales  disseminated  through  a  laminated  shale ; 
average  iiiafiieier  of  scales  about  003  in.  Not  dissolved  at  all  by  alcoho),  eiher,  benau^ue, 
turpeuiiue,  or  carbon  disulphide,  even  when  heated.  Remarkable  as  yielding  5  3  p.  c. 
bulphur.  From  the  river  Mersey,  north  side  of  Tasmania ;  the  rocliL  is  culled  combustible 
shale, 

Dybodile.  In  very  thin  folia,  flexible,  slightly  elastic;  yellow  or  greenish  gray. 
Ansilysis  gave  2-8  p.  c.  sulphur  and  1'7  p.  c.  nitrogen.  From  ligniie  deposits  at  Melili, 
bicily,  HUil  elsewhere. 

Geockrite.  a  white,  wax-like  substance,  separated  from  the  brown  coal  of  Gesterwitz, 
near  Weisseiifels.     QeomyricUe  and  geoeerellite  are  other  products  from  the  same  source. 

Leucopetrits.  Also  from  the  Gesterwitz  brown  coal.  Between  a  resin  and  wax  in 
physical  characters. 

Pykorbtinitb.    From  brown  coal  near  Ausslg,  Bohemia. 

DoppLBRiTB.  In  elastic  or  partly  jelly-like  masses;  brownish  black.  An  add  sub- 
atance,  or  mixture  of  different  acids,  related  to  humic  acid.  Ratio  for  C.  H,  O,  nearly 
10  :  12:5.    From  peat  beds  near  Aussee  in  Styria,  etc. 

Idrialite.  Occurs  with  the  cinnabar  of  Idria.  In  the  pure  state  white  and  crystalline 
in  structure.  In  nature  found  only  impure,  being  mixed  with  ciunabar,  clay,  and  some 
pyriie  and  gypsum  iu  a  brownish -black  earthy  material,  called,  from  its  combustibility 
and  the  presence  of  mercury,  inflammable  cinnabar  (Quecknlberbranden). 

PoBKPMYTE.     Occurs  In  hard,  brittle  plates  or  nodules,  light  green  in  color.     From  the 
Oreat  Western  mercury  mine,  Lake  Co.,  California.    See  also  napalite,  p.  543. 


The  following  are  still  more  complex  native  hydrocarbon  compoands  of  great  importance 
from  an  economic  standpoint. 

Petroleiim.  Naphtha;  PETROLBUif.  Mineral  oil.  Kerosene.  ErdOl,  Berg6I,  8tein5l, 
Oerm, 

Pittasphalt:    Maltha.    Mineral  Tar.    Bergtheer  Oerm, 

Liquids  or  oils,  in  the  crude  state  of  disagreeable  odor;  varying  widely  in  color,  from 
colorless  to  dark  yellow  or  brown  and  nearly  black,  the  greenish-brown  color  the  most 
common;  also  in  consistency  from  thin  flowing  kinds  to  those  that  are  thick  and  viscou«; 
and  in  specific  gravity  from  0*6  to  0*9.  Petroleum,  proper,  passes  by  insensible  gradations 
into  pUtaephali  or  maUJia  (viscid  bitumen);  and  the  latter  as  insensibly  into  OMphaU  or  ^oVmX 
bitumen. 

Chemically,  petroleum  consists  for  the  most  part  of  members  of  the  paraflin  series, 
■CnHan  +  «»  varying  from  mnrsh  eas,  CH4,  to  the  solid  forms.  The  defines,  CNHtn«  are 
also  present  in  smaller  amount.  This  is  especially  true  of  the  American  oils.  Tboi^e  of  ibe 
Cau(!asus  have  a  higher  density,  the  volatile  constituents  are  less  promiuent.  they  distill  m 
about  150"  and  contain  the  benzenes,  Cnfim-*,  In  considerable  amount.  There  «re  prej^cni 
also  mem bera  of  the  series  CnHan-M-  The  German  petroleum  is  intermediate  between  (iie 
American  nnd  the  Caucasian.   The  Canadian  petroleum  isespecially  rich  in  the  solid  paraffiiis 

Pftroleuin  occurs  in  rocks  or  deposits  of  nearly  all  geological  ages,  from  the  Lower 
Silurian  to  the  present  epoch.  It  is  associated  most  abundantly  with  argillaceous  shales, 
sands,  and  sandstones,  but  is  found  also  permeating  limestones,  glviiig  them  a  bituniiDons 
odor,  and  rendering  them  sometimes  a  considerable  source  of  oil.  From  these  oleiferous 
shales,  sands  and  limestones  the  oil  often  exudes,  and  appears  floating  on  the  streams  or 
lakes  of  the  region,  or  rises  in  oil  springs.  It  also  exists  collected  in  subterranean  cavities 
in  certain  rocks,  whence  it  issues  in  Jets  or  fountains  whenever  an  outlet  is  made  by  boring. 
The  oil  which  fills  the  cavitips  has  ordinarily  been  derived  from  the  subjacent  rocks;  for 
the  strata  in  which  tJie  cavities  exist  are  frequently  barren  sandstones.  The  conditions 
required  for  the  production  of  such  subterranean  accumulations  would  be  therefore  a  bitu- 
minou-:  oil  bearing  or  else  oil-producing  stratum  at  a  greater  or  less  depth  below;  cavities 
to  receive  the  oil;  an  overlying  stratum  of  close-grained  shale  or  limestone,  not  allowing  of 
the  easy  escape  of  the  naphtha  vapors 

The  two  regions  which  now  furnish  the  chief  part  of  the  petroleum  are.  first  in  import- 
ance, western  Pennsylvania,  with  parts  of  New  York  and  Ohio,  and,  second,  the  Baku 
region  on  the  Casphm  Sea,  at  the  eastern  end  of  the  Caucasus.     The  oil  has  been  known  to 
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list  at  the  latter  locality  since  early  times,  but  ouly  siuce  1876  bns  its  ecouomic  importance 
een  recognized.  Petroleum  is  also  obtained  in  this  country  in  West  Virginia;  near  Cafion 
ii>.  Colorado;  and  in  California,  especially  in  Los  Angeles,  Ventura  and  Suuta  Cruz 
Diuiiies.  Numerous  localities  where  it  occurs  iu  limited  amount  have  been  noted  in  other 
tates.  In  Canada,  oil  is  produced  in  Lumbton  county,  Ontario.  Other  oil-producing 
t  gious  are  found  iu  Burma,  Japan,iNew  Zealand,  etc. 

Asphaltnm.    Mineral  Pitch.    Asphalt,  Bergpech,  Erdpech,  Germ, 

Aspbultum,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbons,  part  of  which  are 
xygenated.  Its  ordinary  characters  are  as  follows  :  Amorphous.  G.  =  1-1*8;  uome- 
iiiie^  higher  from  impurities.  Luster  like  that  of  black  pitch.  Color  brownisli  black 
u(l  black.  Odor  bituminous.  Melts  ordinarily  at  90**  to  lOO"*,  and  burns  with  a  bright 
lame.  Soluble  mostly  or  wholly  iu  oil  of  turpentine,  and  partly  or  wholly  in  ether;  com- 
tioDly  partly  in  alcohol.  The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral 
\v,  and  through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change  into  the 
olid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by  a  process  of  oxidation, 
irliich  consists  first  in  a  loss  of  hydrogen,  and  finally  in  the  oxygenation  of  a  portion  of  the 
ouss.  The  action  of  heat,  alcohol,  ether,  naphtha  and  oil  of  turpentine,  as  well  as  direct 
iialyscs,  show  that  the  so-called  asphaltum  from  different  localities  is  very  various  in  com- 
position. 

Asplialtum  belongs  to  rocks  of  no  particular  age.  The  most  abundant  deposits  are 
uperlicial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposits  contain- 
w^  some  kind  of  bituminous  material  or  vegetable  remains.  Some  of  the  noted  localities 
f  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphaltites,  whence  the  most  of  the 
spbultum  of  ancient  writers;  a  lake  on  Trinidad,  \\  m.  in  circuit,  which  is  hot  at  the 
enter,  but  is  solid  and  cold  toward  the  shores,  and  has  its  borders  over  a  breadth  of  }  m. 
uvered  with  the  hardened  pitch  with  trees  flourishing  over  it;  at  various  places  in  South 
inierica;  in  California,  near  the  coast  of  St.  Barbara;  also  in  smaller  quantities,  elsewhere. 

Elateritb.  Elastic  Bitumen.  Mineral  Caoutchouc.  Soft,  elastic,  sometimes  much 
ke  india-rubber;  occasionally  hard  and  brittle.  Color  usually  dark  brown.  Found  at 
ustletou  in  Derbyshire,  and  elsewhere. 

Albertitb.  Differs  from  ordinary  asphaltum  in  being  only  partially  soluble  in 
ii  of  iuri>eutine,  and  in  its  very  Imperfect  fusiou  when  heated.  H.=  1-2.  G.  =  r097. 
.uster  brilliant,  pitch-like;  color  jet-black.  Occurs  filling  an  irregular  fissure  in  rocks  of 
tie  Lower  Carboniferous  in  Nova  Scotia. 

Grahamite.  Resembles  albertite  In  its  pitch-black,  lustrous  appearance.  H.  =2.  G.=: 
'145.  Soluble  mostly  in  oil  of  turpentine;  partly  in  ether,  naphtha  or  benzene;  not  at  all 
1  alcohol;  wholly  in  chloroform  and  carbon  disulphide.  Melts  only  imperfectly,  and  with 
decomposition  of  the  surface.  Occurs  in  W.  Virginia,  about  20  m.  S.  of  Parkersburg, 
lling  a  fissure  in  a  Carboniferous  sandstone. 

( f  ii^80NiTE,also  cal  led  UintaJiite  or  Uintaite.  A  variety  of  asphalt  from  near  Ft.  Duchesne, 
:tab,  which  has  found  many  applications  in  the  arts.  Occurs  in  masses  several  inches  in 
iaiuoier,  with  couchoidal  fructure;  very  brittle.  H.  =  2-25;  G.  =  1  065-1  "070.  Color  black, 
ril.iaut  and  lustrous;  sireakand  powder  a  rich  brawn.  Fuses  easily  in  the  flame  of  a 
iiulle  and  burns  with  a  brilliant  flame,  much  like  sealing-wax.  Named  after  Mr.  S.  H. 
tilson  of  Salt  Lake  City. 

Mineral  Goal.  Compact  massive,  without  crystalline  structure  or  cleavage;  sometimes 
reukiiig  with  a  degree  of  regularity,  but  from  a  jointed  rather  thaa  a  cleavage  structure, 
ometimes  laminated:  often  faintly  and  delicately  banded,  successive  layers  differing 
iirlitlv  in  luster.  Fracture  conchoidal  to  uneven.  Brittle:  rarely  somewhat  sectile. 
I.  z=  0-5-25.  G.  =  1-1  80.  Luster  dull  to  brilliant,  and  either  earthy,  resinous  or  sub- 
letallic.  Color  black,  grayish  black,  brownish  black,  and  occasionally  iridescent;  also 
imetimes  dark  brown.  Opaque.  Infusible  to  subfusible;  but  often  becoming  a  soft, 
iiuui  or  paste-like  mass  when  heated.  On  distillation  most  kinds  afford  more  or  less  of 
iiy  and  tarry  substances,  which  are  mixtures  of  hydrocarbons  and  paraffin. 

The  varieties  recognized  depend  partly  (1)  on  the  amount  of  the  volatile  ingredients 
fforded  on  destructive  distillation;  or  (2)  on  the  nature  of  these  volatile  compounils,  for 
Jirredients  of  similar  composition  may  differ  widely  in  volatility,  etc.;  (3)  on  structure, 
ister  and  other  physical  characters. 

Coal  is  in  general  the  result  of  the  gradual  chanse  which  has  taken  place  in  geological 
isiory  in  organic  deposits,  chiefly  vegetable,  and  its  form  and  composition  depenti  upon 
le  extent  to  which  this  change  has  iroiieon.  Thus  it  passes  from  forms  which  still  rt-iain 
le  original  structure  of  the  wood  (pe.U,  lignite)  and  through  tliose  with  less  of  volatile  or 
ituminous  matter  to  anthracite  and  further  to  kinds  which  approach  graphite. 
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1.  Anthracite.  Glnnzkohle  Germ.  H.  =  2-2*5.  G.  =  1-32-1 -7.  Luster  bright, 
of  leu  gubmetallic,  iron- black,  And  frequently  iridescent.  Fracture  coocboidal.  Yolatie 
matter  after  drying  8-6  p.  c.  Burns  "witb  a  leebie  flame  of  u  pale  color.  The  authraciU'S 
of  Pennsylvania  contain  ordinarily  85-93  per  tent,  of  carbon;  those  of  South  Wales,  8&^9"), 
of  France,  80-88;  of  Saxony,  81;  of  southern  Russia,  sometimes  94  per  cent.  AntbraciL'- 
graduates  through  semi-anthracite  into  bituminous  coal,  becoming  less  hard  and  contaiumc 
more  volatile  mutter;  and  an  intermediate  variety  is  caW&fX  fre^-huming  anthracite. 

2.  Bituminous  Coal.  Burns  in  the  fire  with  a  yellow,  smoky  flame,  and  gives  out  cu 
distillation  hydrocarbon  oils  or  tar;  hence  the  name  bituminous  The  ordinary  bituiiiiiu»u< 
coals  contain  from  5-15  p.  c.  (rarely  16  or  17)  of  oxygen  (ash  excluded):  while  tht;  so-cuitii 
brown  coal  or  lignite  contains  from  20-86  p.  c,  after  the  expulsion,  at  KK)*",  of  15-86  p.  c.  •  : 
water.  The  amount  of  hydrogen  in  each  is  from  4-7  p.  c.  Both  have  usually  a  biiuu*. 
pitchy,  greasy  luster,  a  firm  compact  texture,  are  rather  fragile  compared  with  tiDthincit'., 
and  have  O,  =  1 '14-1*40.  The  broton  coals  have  often  a  brownish^black  color,  whcnct?  tin. 
name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bituiuiii- 
ous  coals.  The  ordinary  bituminous  coal  of  Pennsylvania  has  G.  =  1-26-1-87;  of  ^cwra.-- 
tie.  England,  1*27;  of  Scotland,  127-1  82;  of  France.  1-2-1 -33;  of  Belgium,  1  27-1  3.  In- 
most prominent  kinds  are  the  following : 

(a)  Caking  or  Coking  Coal.  A  bitummous  coal  which  softens  and  becomes  pasly  or  S4?iiii- 
viscid  in  the  fire.  This  softening  takes  place  at  the  temperature  of  incipient  decompositioi] 
and  is  attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  beat,  the  voiMii.e 
products  which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  i>f . 
and  a  coherent,  ^yish-black,  cellular  or  fritt^  mass  {coke)  is  left.  Amount  of  coke  kr. 
(or  part  not  volatile)  varies  from  50-85  p.  c. 

[b)  Non- Caking  Coal.  Like  the  preceding  in  all  external  characters,  and  often  in  ulti- 
mate composition;  but  burning  freely  without  softening  or  any  appearance  of  incipiet. 
fusion.     There  are  all  gradations  between  caking  and  non-caking  bituminous  coals. 

{e)  Cannel  Coal  (Parrot  Coal).  A  variety  of  bituminous  coal,  and  often  caking:  1/ 
differing  from  the  preceding  in  texture,  and  to  some  extent  in  composition,  as  shown  by  i'^ 
products  on  distillation.  It  is  compact,  with  little  or  no  luster,  and  without  any  api^eanuu  t 
of  a  banded  structure;  and  it  breaks  with  a  conchoidal  fracture  and  smooth  surface,  ceil  : 
dull  black  or  grayish  black.  On  distillation  it  sffords,  after  drying,  40  to  66  p.  c  of  vo'.-.  - 
tile  matter,  and  the  material  volatilized  includes  a  large  proportion  of  burning  and  lurir- 
cating  oils,  much  larger  than  the  above  kinds  of  bituminous  coal;  whence  it  is  extensive!} 
used  for  the  manufacture  of  such  oils.  It  graduates  into  oil-producing  coaly  shales.  i]\ 
more  compact  of  which  it  much  resembles.  ToTbaniU\R  a  variety  of  cannel  conl  of  i\  iibi<L 
brown  color,  from  Torbane  Hill,  near  Bathgate,  Scotland;  also  called  Boghead  Cannel. 

(d)  Brown  CocU  (Braunkohle  Oerm,,  Lignite).  The,  prominent  characteristics  of  brow^ 
coal  have  already  been  mentioned.  They  are  non  caking,  but  afford  a  large  proportion  ^f 
volatile  matter;  sometimes  pitch-black,  but  often  rather  dull  and  brownisli  black.  G.  = 
1*15-1 '3.  Brown  coal  is  often  called  lignite.  But  this  term  is  sometimes  restrieteti  r.. 
masses  of  coal  which  still  retain  the  form  of  the  original  wood.  Jet  is  a  black  variety  o* 
brown  coal,  compact  in  texture,  and  taking  a  good  polish,  whence  its  use  in  jewelr>\ 

Coal  occurs  in  beds,  interstratified  with  shales,  sandstones,  and  conglomerates,  ai^  i 
sometimes  limestones,  forming  distinct  lavers,  which  vary  from  a  fraction  of  an  inch  t<>  •  ■ 
feet  or  more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  AlleghnL\ 
range,  in  rocks  that  have  undergone  great  contortions  and  fracturings,  while  the  bituini 
ous  coals  are  found  extensively  in  many  States  farther  west,  in  rocks  that  have  been  le-^ 
disturbed;  and  this  fact  and  other  observations  have  led  geologists  to  the  view  that  ti  ■ 
anthracites  have  lost  their  bitumen  by  the  action  of  heat.    The  origin  of  coal  is  maiiily  \  r^ 
etable,  though  animal  life  has  contributed  somewhat  to  the  result  The  beds  were  ooc^'  lie.  i  <  • 
vegt'tation,  analogous,  in  most  respects,  in  mode  of  formation  to  the  pent  beds  of  n.c*.  i' 
times,  yet  in  mode  of  buHal  often  of  a  very  different  character.     This  vegetable  miiii.   - 
proved  not  only  by  the  occurrence  of  the  leaves,  stems  and  logs  of  plants  in  the  ct>;i],  h 
also  by  the  presence  throughout  its  texture,  in  many  cases,  of  the  forms  of  the  onLini  ^ 
fibers;  also  by  the  direct  observation  that  peat  is  a  transition  state  between  unalteretl  \t  l 
table  debris  and  brown  coal,  being  sometimes  found  passing  completely  into  true  Iti.vi  : 
coal.     Peat  differs  from  true  coal  in  want  of  homogeneity.  It  visibly  containing  ve^rei?  M 
fibers  only  partially  altered;  and  wherever  changed  to  a  fiue-texturea  homogeneous  nm  r- 
rial,  even  though  hardly  consolidated,  it  may  be  true  brown  ronl. 

For  an  account  of  the  chief  coal  fields,  asal  o  of  the  geological  relations  of  the  different 
coal  deposits,  reference  is  made  to  works  on  Economic  Geology. 
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ox  THE  DRAWING  OF  CRYSTAL  FIGURES  AND 
OF  PROJECTIONS. 


In  the  representation  of  crystals  by  drawings,  the  object  may  be  either  to  show  the  entire 
orni  iu  pempective  or  to  give  simply  a  projection  of  the  faces  upon  a  single  plane.  The  first 
r  ihese  cas.s  is  the  more  importaut,  and  must  be  treated  here  in  some  detail.  Two  points 
re  to  be  uoicd  in  regard  to  it.  In  the  first  place,  in  the  drawings  of  crystals  the  point  of 
ievf  is  supposed  to  be  at  an  infinite  distance,  and  it  follows  from  this  that  all  lines  which 
re  parallel  on  the  crystal  appear  parallel  in  the  drawing. 

Ill  the  second  place,  in  all  ordinary  cases,  it  Is  the  complete  ideal  crystal  which  is 
presented,  ilint  is,  the  ciystal  with  its  full  geometrical  symmetry  as  explained  on  pp.  9  to 
1  icf.  note  on  p.  11). 

Projection  of  thb  Azxs. 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminaiy  to  the  drawing  of  the 
>nn  of  the  crystal  itself.  The  prelection  of  the  aies  in  the  isometric  system,  which  are 
]uul  and  iotenect  at  right  angles,  is  here  first  given.  The  prelection  of  the  axes  in  the 
iber  systems,  with  the  exception  of  the  hexagonal,  maybe  obtained  by  varying  the  lengths 
f  the  projected  isometric  axes,  and  also,  when  oblique,  their  Inclinations,  as  shown  beyond. 

Isometric  BTstom.— When  the  eye  ia  directly  in  front  of  a  face  of  a  cube,  neither  the 
des  nor  top  of  the  crystal  are  yisible,  nor  the  faces  that  may 
i  situated  on  the  intermediate  edges.  On  turning  the  crys- 
I  a  few  degrees  from  right  to  left  a  side  lateral  face  is 
ought  in  view,  and  by  elevating  the  eye  slightly  the  termi- 
il  face  becomes  apparent.  In  the  following  demonstration 
c  augle  of  revolution  is  designated  S,  and  the  angle  of  the 
evation  of  the  eye,  €.  Fig.  SB9  represents  the  normal  post- 
m  of  the  horisEontal  axes,  suppostng  the  eye  to  be  in  the 
rection  of  the  axis  BB;  BB  is  seen  as  a  mere  point,  while 
0'  appears  of  its  actual  length.  On  revolving  the  whole 
rough  a  number  of  degrees  equal  to  BMB'  (o)  the  axes 
i7e  the  position  exhibited  in  the  dotted  lines.  The  projeo- 
>D  of  the  semiaxis  MB  is  now  lengthened  to  MN,  and  that 

the  semiaxis  MC  is  shortened  to  mU. 

If  the  eye  be  elevated  (at  any  angle,  6),  the  lines  B'N.  BM, 
d  C'H  will  be  projected  respeclivelV  below  N,  M,  and  H,  and  the  lengths  of  these  pro- 
ctions  (which  we  may  designate  5'N,  6M,  and  ^H)  will  be  directly  proportional  to  the 
igths  of  the  lines  B'N,  BM.  and  CTH. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  ex- 
^-ssed  by  a  simple  ratio  between  the  projected  axes.  The  ratio  between  the  two  axes, 
X  :  MH,  as  projected  after  the  revolution,  is  designated  by  1 :  r;  and  the  ratio  of  ^N  to 
S  by  1:  t.    Suppose  r  to  emial  8  and  s  to  equal  2,  then  proceed  as  follows  : 

Draw  two  lines  AA',  H'H  (Fig.  900),  intersecting  one  another  at  right  angles.  Make  MH  = 
H  =b.  Divide  HH'  into  8  (r)  parts,  and  through  the  points,  N.  N',  thus  determined, 
aw  perpendiculars  to  HH'.     On  the  left  hand  vertical,  set  off,,  below  H',  a  part  H'R, 

iial  to  --ftis^H'M;  and  from  R  draw  RM,  and  extend  the  same  to  the  vertical  N'.  B'B 

S  A 

the  projection  of  the  front  horizontal  axis. 

Draw  B8  parallel  with  MH'  and  connect  8M.  From  the  point  T  in  which  8M  intersects 
r.  dmw  TO  parallel  with  MH.  A  line  (CC)  drawn  from  C  through  M,  and  extended 
the  left  vertical,  is  the  projection  of  the  side  horizontal  axis. 

Lay  off  on  the  right  vertical  a  part  HQ  equal  to  -^  MH,  and  make  MA  =  MA'  =  MQ; 

547 
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AA'  is  the  yertical  axis. 
990. 
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If,  as  here,  r  =  8,  aod  «  =  2.  then  *  =  IS*  ^T,  aud  €  =  9*  H, 
for  col  <5  =  r,  and  cot  6  =  r«. 

It  is  desirable  to  go  through  the  above  coostrir  y 
with  care  to  iusure  all  possible  accuracy.  Tbe  I'tj 
thus  obtaiued,  say  twice  the  length  here  reprt^ec: 
may  be  drawn  on  a  suitable  card  and  protrrct^ ;  \ 
future  use.  Whenever  needed,  they  cnu  be  n*:  , 
transferred  to  a  sheet  of  paper  by  pricking  iiiP>.j 
the  terminal  and  central  points,     in  eticb  case.  U!  \ 


the  axes  so  obtained  are  used,  they  should  he  ^f>'i\ 
to  make  sure  that  the  respective  semiaxes  either  f..  a 
the  central  point  M  are  equal. 

Tetragonal  and  Orthorhombic  Systains.— TlLcsie 
AA',  QQft  BB',  constructed  in  the  manner  descnVi 
are  equal  and  at  right  angles  to  each  other.  Tb^  ;- 
lection  of  the  axes  of  a  tetragonal  crystal  is  ob:  '^r\ 
by  simply  laying  oflf.  with  a  scale  of  propon-Jt^ 
parts,  on  MA  and  MA'  taken  as  units,  the  Tslne  of  Ji 
vertical  axis  (i)  for  the  given  species.    Thus  for  km  : 

where  ^  =  0*64,  we  must  lay  off  0*64  of  MA  above  M  and  the  same  length  below. 

For  an  orthorhombic  crystal,  where  the  three  axes  are  unequal,  the  length  of  I  m&  i 

before  be  laid  off  above  and  below  from  M.  and  that  of  &  in  front  and  bdiiod  M,  o£  ES; 

It  is  usual  to  make  the  side  axis  MC  =  S  =  1. 

Monoclinic  System. — The  axes  h  and  d  in  the  monoclinic  system  are  incUned  to  oct  a 


991. 


other  at  an  oblique  angle  =  &.  To  project  this  inclination, 

and  thus  adapt  the  isometric  axes  to  a  monoclinic  form, 

lay  off  (Fig.  d91)  on  the  axes  MA,  Ma  =  MA  X  cos  /9, 

and  on  the  axis  BB'  behhid  M,  M6  =  MB  X  sin  /9.    From 

the  points  h  and  a,  draw  lines  parallel  respectlvelv  with 

the  axes  AA'  and  BB',  and  from  their  intersection  IX, 

draw  through  M,  D'D,  making  MD  =MD'.    The  line 

DD'  is  the  clinodiagonal,  and  the  lines  AA,  CC,  DD' 

represent  the  axes  in  a  monoclinic  solid  in  which  a  =  6  = 

0  =  1.    The  points  a  and  h  and  the  position  of  the  axis 

DD'  will  vary  with  the  angle  fi.    The  relative  values  of 

the  axes  may  be  given  them  as  above  explained;  that  is, 

if  5  =  1,  lay  off  m  the  direction  of  MA  and  MA'  a  line 

equal  to  ^,  and  in  the  direction  of  MD  and  MD'  a  line 

equal  to  d,  etc. 

TrioUnic  System.— The  vertical  sections  through  the 

horizontal  axes  in  the  triclinic  svstem  are  obliquely  in- 
clined; also  the  inclination  of  the  axis  a  to  each  axis  h 

and  6,  is  oblique.     In  the  adaptation  of  the  isometric 

axes  to  the  triclinic  forms,  it  is  therefore  necessary,  in  the  first  place,  to  dve  the  rpquii 

obliquity  to  the  mutual  inclination  of  the  vertic&l  ^^ 
tlons,  and  afterwards  to  adapt  the  horizontal  aies.  It 
inclination  of  these  sections  we  may  designate  A.  si 
as  heretofore,  the  anele  between  a  and  h,  y,  bdH  i  aa 
c,  p,  BB'  is  the  analogue  of  the  brachydisigonal.  s 
CO  of  the  macrodiagonal.  An  oblique  inclinatirHi  di 
be  given  the  vertical  sections,  by  varying  the  p-sJi' 
of  either  of  these  sections.  Permitting  the  brach}  i^ 
onal  section  ABA'B'  to  remain  umdteiid,  we  nwv  rai 
the  other  section  as  follows 

Lay  off  (Fig.  992)  on  MB,  M6'  =  MB  X  co8A,r  i ' 
the  axis  C'CJ  (to  the  right  or  left  of  M,  accordiDg  *♦  ' 
acute  angle  A  is  to  the  right  or  left).  Mc  =  MC  X  *-f  ^ 
completing  the  parallelogram  Md' Dr,  and  drawir: J 
diagonal  MD,  extending  the  same  to  ly  so  as  :n  r  i 
MI?  =  MD.  we  obtain  the  line  DD';  the  vertical  *' ' 
passing  through  this  line  is  the  correct  mncrodi^r  ^ 
section.  The  inclination  of  a  to  the  new  im/r  '-•■'■i 
oual  DD'  is  still  a  right  angle;  as  also  the  int  liu  ^ 

of  a  to  h,  their  oblique  inclinations  may  be  given  them  as  follows  :    Lay  off  ou  HA  r\ 
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992),  Ma  =  MA  X  cos  fi,  aud  on  the  axis  BB'  (brnchvdiagonal),  M6=  MB'  X  sin  /?  Bv 
coinpieiiug  ibe  pHiallelogi-nm  Ma,  E'fr,  the  point  E'  is  uetermint^.  Make  ME  =  ME;  EE'is 
the  projected  bracliytiiagoiml.  Again  lay  off  uu  MA,  Ma'  =  MA  X  cos  a,  and  on  MD',  to 
the  lefi»  Md  =  MI)'  X  sin  a.  Draw  lines  from  a!  and  d  parallel  to  MD  and  MA:  Y,  tbe  in- 
tersection of  tbese  lines,  is  one  extremity  of  the  macrodiagonal;  and  the  line  FF',  in  >\'hirh 
MF  =  MF',  is  the  macrodiagonal.  The  vertical  axis  A  A' and  tbe  horizontal  axes  ££'' 
(brachy(liagonal)and  FF'  (macrodiagonal)  thus  obtained,  are  tbe  axes  in  a  triclinic  fornu 
in  which  a  =  6  =  6  =  1.  Different  values  may  be  given  these  axes,  according  to  the  method 
heretofore  illustrated. 

HejEagonal  System. — The  simplest  method  of  obtaining  the  axes  for  the  hexagonal  f^ys* 
teiii  is  as  follows  :  We  start  with  the  isometric  axial  cross  (Fig.  990)  and  change  it  so  that  the 
frout  axis  (MB,  Fig.  998)  shall  have  a  length  equnl  to  1*782  (=  4/8)  times  its  original 
length.  When  the  extremities  of  the  lines  CC  and  BB'  are  joined  a  rhomb  will  lie  formed 
having  the  angles  at  C  and  C  equal  to  130*".  Now  draw  through  the  middle  points  of 
MB,  MB'  lines  paniliel  to  CO',  and  the  resulting  figure,  CDEC'D'E'.  will  be  a  regular 
hexagon,  llie  lines  joiningits  angles,  namely,  CC.  DD',  E£',  will  be  the  lateral  axes  re* 
quired;  these  are  shown  in  fig.  994,  repeated  from  p.  66.  It  only  remains  to  give  the  ver- 
tical axis  the  length  required  by  the  case  in  haud. 

994. 
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Drawing  of  Simple  and  Complex  Cbtstals. 

Siskple  Forms.— When  the  axial  cross  has  been  constructed  for  the  given  species,  the  octo* 
Tiedron  in  the  isometric  system  and  the  unit  pyrch  995, 

mid  in  the  other  systems  are  obtained  at  once  by 
joining  the  extremities  of  each  of  the  lateral  axes 
with  those  of  the  vertical  axis  This  is  illustrated 
for  the  isometric  system  by  Fig.  995  Here,  as  in 
nil  cases,  the  lines  wiiich  fall  in  front  are  drawn 
strongly,  while  those  behind  are  simply  dotted. 

For  the  diametral  prism  draw  through  B,  B', 
C,  C\  of  the  projected  axes  of  any  sr^ecfes  (Fig. 
995),  lines  parallel  to  the  axes  CC.  BB',  until  they 
meet;  they  make  the  parol lelojrram.  abed,  which 
is  a  transverse  section  of  the  prism,  parallel  to  the  ^ 
base.  Through  a,  h,  d,  d  draw  lines  parallel  and 
equal  to  the  vertical  axis,  making  the  parts  above 
and  below  these  points  equal  to  the  vertical  semi- 
axis.  Then,  connect  the  extremities  of  these  lines 
bv  lines  parallel  to  ab,  be,  cd,  da,  and  the  figure 
will  be  that  of  the  diametral  prism,  correspond- 
ing  to  the  axes  projected. 

lu  the  case  of  the  isometric  system  (Fig.  995),  this  diametral  prism  is  the  cube  whose 
faces  are  represented  by  the  letter  a  (100),  Fig.  70,  p.  34;  in  the  tetmgonal  system  it  is  the 
prism  a  (100),  e  (001).  Fig.  149,  p.  54;  in  the  orthorhombic,  monoclinic  and  triclinic  systems 
the  faces  have  the  symbols  a  (100),  b  (010),  e  (001),  as  shown  in  Figs.  275,  312,  888. 

The  unit  vertical  prism  in  the  tetragonal,  orlhorliombic.  aud  clinometric  systems  mny  be 
projected  by  drawing  lines  parallel  to  the  vertical  axis  AA'  through  B,  C,  B',  C,  making 
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the  parts  above  and  below  these  points  equal,  and  then  connecting  tlie  extremities  of  these 
lilies  by  lines  parallel  to  BC,  CB',  B'C,  C'B.  The  plane  BCB'C  is  a  traosyerse  section  of 
such  a  prism  parallel  to  its  base.  This  prism  is  bounded  by  the  faces  m  (110),  e  (001).  Cf. 
Figs.  150,  276.  818. 

Other  prisms  In  the  orthorhombic,  monoclinic  and  triclinic  systems,  as  (210),  (120), 
etc. ,  are  drawn  In  the  same  way,  only  that  the  lateral  axes  must  l>e  adapted  to  each  case. 
Til  us  for  (210)  the  axis  b  has  double  the  unit  value  characteristic  of  the  given  species;  for 
(I'iO)  it  has  half  this  value  (or,  otherwise  expressed,  the  axis  a  is  to  be  doubled),  and  so  od. 

In  the  tetragonal  system  the  prisms  (210),  (810),  etc.,  have  eight  faces  (cf.  Fig.  152,  p. 
54).  Therefore,  e,g.  for  (210),  first  draw  in  the  plane  of  the  hUeral  axes  lines  from  the 
unit  length  of  each  axis  to  the  double  of  that  adjoining  (4-  and  ^) ;  the  intersectioos  of 
these  eight  lines  are  points  through  which  lines  must  be  drawn  vertically  (parallel  to  <r). 
<-orrespouding  to  the  edges  lettered  y  in  Fig.  152.  For  the  hexagonal  system  the  construc- 
tion of  the  three  prisms  is  so  similar  to  those  described  as  to  need  no  further  explanatioo. 

Other  simple  forms  are  constructed  on  much  the  same  principle.  The  points  are  first 
to  be  determined  at  which  Uie  respective  faces  cut  the  axes.  Then  light  construction  lines 
ure  drawn  in  each  of  the  axial  planes  connecting  these  points,  anuat  the  same  time  the 
iutersection-pointo  noted  for  each  pair  of  adjoining  faces.  From  these  last  the  actual  mter- 
section  lines  of  the  given  form  are  obtained. 


996. 


998. 


997. 


999. 


Figs.  996  to  999  will  serve  as  illustrations.    The  ^<>™  7^- ^S^o^/^®  ^^**^^'^" 
<221).'^The  three  front  upper  faces  of  this  have  the  symbols  221  21^  1^  (cf.F^^^ 
38).    For  them  the  axial  intersections  are  (see  the  explanation  on  pp.  28,  24)  as  follows . 

\ax  :  ia,  :  la,  =  la.  :  la, :  2a,: 
\ax  :  la,  :  ia,  =  lai  :  2a,  :  a,; 
lai  :  \at  :  ia,  =  2ai  :    a, :    a,. 

Here  the  axes  a.,  a,,  a,  are.  as  always,  taken  in  the  a,  6,  «.  order  (cf.  Kg.  65.  p.  M). 
Fig.  996  shows  each  of  the  three  planes  projected  on  the  axes,  and  their  respective  intersex 
lion-edpes  are  «een  at  once  to  be  the  dotted  lines  starting  from  tlje  poinU  «^i«r^^«-  J^* 
completion  of  the  figure  involves  no  further  difficulty.  It  is  to  be  noted,  however,  thai  tl 
is  not  necessary  to  repeat  the  full  construction  for  each  octant,  since  the  P"°ciple  of  sym- 
metry with  respect  to  the  three  axial  planes,  that  is  along  lines  parallel  to  each  of  the  ax«. 
comes  in  to  simplify  the  work.  In  practice,  it  is  well  to  construct  the  front  half  ^d  use  tbe 
symmetry  to  complete  the  part  behind,  which  is  usually  drawn  in  dotted  Imes.  The  sym- 
metry.  in  any  case,  is  a  most  valuable  check  on  the  accuracy  of  the  work. 

Another  illustration  is  given  by  Figs  998,  999  of  the  ditetragonal  pyramid  (122)  of  the 
tetragonal  system  (cf.  Fi^.  166,  p.  58)     This  requires  no  add  tional  f  P\»°«"^^°-.     ,^  -   _, 

Complex  Forms.— When  it  is  required  to  draw  not  only  the  faces  of  a  smclf  lorm 
embraced  under  the  same  symbol,  but  also  those  of  a  number  of  forms  modifying  one 
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another,  a  somewhat  different  process  is  found  desirable.  It  is  possible,  indeed,  to  con- 
s.ruci  a  complex  figure  lu  the  way  just  meniiuued,  each  plane  being  hiid  off  on  the  given 
axes,  and  its  intersection-edges  with  adjoining  planes  detcnnined  by  two  points,  always  in 
the  axial  sections,  which  it  has  in  common  with  each  of  them.  In  this  way.  however,  the 
tigure  will  soon  become  so  complex  as  to  be  extremely  perplexing,  and  thus  lend  tu  error 
aud  consequent  loss  of  time. 

The  process  of  determining  the  direction  of  the  intersection-edges  is  much  simplified  if 
the  expression  giving  the  ratio  of  the  intercepts  on  the  axes  for  each  plane  is  so  transformed 
(by  dividing  by  the  coefficient  of  the  vertical  axis)  that  the  value  for  the  vertical  axis  shnll 
be  unity  (that  is,  in  general  equal  to  h).  The  extremity  of  the  vertical  axis  (-}-  or  — )  is 
then  OM  paint  of  intersection  for  any  two  planes,  and  the  other  point  will  always  be  in  the 
plane  of  the  lateral  axes. 

As  an  example  of  the  transformation  called  for,  suppose  824  to  be  the  symbol  of  a 
given  face,  its  intercepts  on  the  axes  a,  6,  e  would  be  (Art.  84)  ia  :lb:  ie.  This  put  into 
the  form  required  for  the  present  purpose  becomes  (by  muptiplyiug  oy  4), 

ia:2b:e. 

It  will  be  noted  that  the  expression  thus  obtained  is  not  ordinarily  that  which  corre^ 
sponds  to  the  Naumann  symbols,  for  with  them  the  length  of  a  lateral  axis  (usually  a)  i» 
taken  as  the  unit. 

Ezaaple. — The  explanation  of  the  method  of  drawing  crystals  can  best  be  described  by^ 
use  of  a  concrete  example.  Suppose  that  it  is  required  to  draw  an  orthorhombic  crystal 
(andalusite)  of  prismatic  habit  (Fig.  1000),  showing  the  faces  a  (100),  e  (001).  m  (110),  r 
(101),  t  (Oil),  o  (111),  f  (121).    It  is  evident  that  an  indefinite  number  1000. 

of  figures  may  be  made,  including  the  faces  mentioned,  and  yet  of 
very  different  appearance  according  to  the  relative  size  of  each.  It  is 
usually  desirable,  however,  to  represent  the  actual  appearance  of  the 
crystal  in  nature,  only  in  ideal  symmetry,  hence  it  is  important  in  all 
cases  to  have  a  sketch  of  the  crystal  to  be  represented,  showing  the 
relative  development  of  the  different  faces.  If  this  sketch  is  made 
with  a  little  care,  so  as  to  exhibit  also  the  parallelism  of  the  intersection- 
edges  In  the  occurring  zones,  it  will  eive  material  aid.  The  zones,  it 
is  to  be  noted,  are  a  great  help  in  drawing  figures  of  crystals,  and 
they  should  be  carefully  studied,  since  the  common  direction  of 
the  intersection-edge,  once  determined  for  any  two  faces  in  it,  will 
answer  for  all  others. 


/^^^ 


The  first  step  is  to  take  the  isometric  axial  cross,  already  drawn  on  a  suitable  card,  aud 
of  a  conveniently  large  scale,  and  pierce  it  through  on  to  the  paper  to  be  employed,  and 
then  adapt  it  to  the  requirements  of  the  species  m  hand.  For  andalusite  the  axial  mtio  is 
a  :  b  :  6  =  0*d9  : 1  :  0*70.  Hence  the  vertical  axis  must  be  0*7  of  its  isometric  length,  but 
(in  this  case)  the  lateral  axis  calls  for  no  change. 

The  next  step  is  to  draw  on  the  plane  of  the  lateral  axes  (Fig.  1001)  h  line  giving  tb& 
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tmce  of  each  face  as  it  is  ueeded.  Each  line  is  obtaiued  from  ilie  expressiou  of  llie  axial 
iiiiercepts  transforiued  in  tbe  luanuer  already  explained,  so  tbut  the  vahie  for  ^  shall  be 
uiiii^.  For  the  faces  of  the  prism,  m  (110),  the  required  lines  are  p»  and  gi  (Fig.  lOuii. 
Obviously  their  iutei-sectioo-edges  are  parallel  lo  the  vertical  axis,  while  iheir  iDterBC'ction> 
with  lite  base  c  (001)  are  parallel  to  jw  uiid  qt.  Similarly  tbe  mutual  iutersi'CtioD- edges  for 
the  faces  of  the  prism  k  (210)  and  the  pinacoid  a  (100)  will  be  parullel  to  CC. 

Ftiriher,  the  correspoudiDg  lines  for  tbe  upper  faces  of  tbe  macrodome,  cr,  that  is,  101 
ond  lul,  are  pq  and  U :  those  of  the  faces  of  the  cliuodome  «  (Oil)  are  g»  and  pi ;  those  of 
the  faces  of  the  pyramids  o  (111)  are  ab,  ba\  a*l/,  b'a\  those  of  the  pyramid  e  (121).  whose 
intercepts  in  tlie  required  form  are  la:  \b:  \e,  are  a*.  qa\  a'p,  ta.  Each  of  the  planes 
mentioned  passes  also  through  0.  tbe  extremity  of  the  vertical  axis.  Therefore,  whatever 
in ler8<  ction-edge  ia  called  for  is  ffiven  at  once  by  the  figure.  For  example,  that  for  the 
faces  s  (121)  and  »  (Oil)  is  the  line  joining  C  with  $,  since  the  lines  a»  and  q9  representing 
these  planes  intersect  at  $  and  all  planes  pass  through  C  ;  further,  the  same  direction  is  tlint 
of  the  intersectiou^ge  of  m  (110),  i  (121),  since  the  trace  of  m  (110)  also  passes  through  tbe 
point  9,  So  also  the  intersection-edge  of  o  (111)  and  e  (121)  will  be  the  line  joining  C 
and  a,  and  the  same  line  is  that  required  for  r(lOl)  and  oiXW) ;  that  of  r  and  k"{2\0)  is 
given  by  tbe  line  joining  0  and  f ,  since  the  trace  of  k",  or  fnm'  (Fig.  1001  ;  cf.  Fig. 
1002).  if  produced,  meets  that  of  r  (101)  pr  pq  at  s. 

Tbe  above  explanation  will  show  how  the  required  intersection -edges  can  be  obtained 
as  needed.  In  the  practical  use  of  tbe  method  it  is  customary  to  begin  with  tbe  pre- 
dominating form  and  then  add  the  modifying  faces  in  succession.  That  is,  in  tbe  case  in 
hand,  the  prism  m  would  be  drawn  terminated  by  c ;  then  perhaps  the  pinacoid  a  added  : 
then  the  prism  k  (210),  and  afterward  the  terminal  faces. 

The  actual  figure  is  usually  made  on  the  sheet  of  poper  below  the  axial  project  ion 
(Fig.  1001),  tbe  directions  of  the  inter  section-tdgis  being  carefully  transferred  by  menDs 
of  a  triancle  sliding  against  the  side  of  another  triangle  ur  a  ruler.  The  figure  should  be 
made  condderably  larger  than  as  finally  required,  since  only  in  this  way  is  sufficient  accii 
racy  attainable.  The  final  figure  of  the  required  size  is  readily  accomplished  by  photo- 
engraving, if  the  drawing  is  done  clearly  and  in  black  lines. 

To  complete  the  figure  behind,  the  intersection- lines  cfin  be  obtained  in  the  same  way. 
It  is  to  be  noted,  however,  that  in  the  given  case  (of  an  orthorhombic  crystal)  the  s\  ni- 
metry  can  be  used  to  simplify  the  process,  or,  if  desired,  merely  to  check  the  work  done. 
since*  every  point  in  front  has  a  corresponding  symmetrical  point  behind  equally  distant 
from  tbe  axial  plane  bc^  in  the  direction  of  the  axin  a.  The  symmetry  right  and  left  relatively 
to  tbe  axial  plane  ae  also  should  be  used  to  test  the  accuracy  as  regards  the  two  Fides  of 
tbe  figure.  When  the  upper  half  of  tbe  figure  (or,  if  preferred,  tbe  front  half)  is  completed, 
tbe  symmetry,  as  noted,  is  usually  employed  in  tbe  completion  of  the  remainder,  since  (in 
this  case)  every  line  in  front  above  has  one  paiallel  and  equal  to  it  behind  below.  In  tbe 
case  of  crystals  of  lower  grade  of  symm  etry  the  method  is  less  simple,  and  in  some  instances 
considerable  ingenuity  is  called  for,  but  practice  will  serve  to  give  facility. 

On  the  Drawing  of  Twin  Crystals. 

Twinned  Orystali.— In  onler  to  project  a  compound  or  twinned  crystal  it  is  generally 
necessary  to  obtain  first  tbe  axes  of  the  second  individual,  or  semi-individual,  in  the  posi 
tion  in  which  they  are  brought  by  tbe  revolution  of  180".  This  is  accomplished  in  the  fol- 
lowing manner: 'In  Fig.  1002  a  compound  crystal  of  stau  roll  te  is  represented,  in  which 
twinning  has  taken  place  (1)  on  an  axis  normal  to  (082),  and  in  Fig.  1003  this  is  shown 
aspiin  with  also  twinning  on  an  axis  normal  to  (232).  Tbe  second  method  of  twinuinff  beini: 
the  more  general,  is  of  the  greater  importance  for  the  sake  of  example.  In  Fig.  1004  cr  , 
bb',  ail  represent  the  rectangular  axes  of  staiirolite  d\b\h  —  0*47  :  1 :  0*68).  The  tvrin- 
nitiff.plane  (282)  lias  the  position  MNR.  It  is  firet  necessary  lo  construct  a  normal  from  tin- 
renter  O  lo  this  plane.  If  perpendiculars  be  drawn  from  tbe  center  O  to  the  lines  MN,  XK. 
MR,  they  will  meet  them  at  the  points  x,  y.  «,  dividing  each  line  into  segments  proportional 
to  the  squares  of  the  adjacent  axes  ;♦  or  Nj  :  Mr  =  ON* :  0M^  In  this  way  the  points  t, 
y,  t  are  fixed,  and  lines  drawn  from  any  two  of  ibein  to  tbe  opposite  angles  R,  N.  or  M 
will  fix  the  point  T.  A  line  joining  T  and  O  is  normal  to  ihe  plane  (MNR  =  282).  Further- 
more, it  is  obvious  that  if  a  revolution  of  180"  about  TO  take  place,  that  every  point  in  \W 
plane  MNR  will  remain  equally  distant  from  T.     Thus  tbe  point  M  will  take  tl.e  p)a<\- 

*  Thi«  IS  true,  ^Ince  the  nxlal  aniflp«  «rp  -''irhl  anerles.  In  the  Monoclinio  Sy.mem  two  of  the  axial  ii-n  r- 
sections  are  perpendicular,  and  they  are  surtlci^-ni  to  alhiw  of  the  determination  of  the  point  T  o-s  ai  -Mt-. 
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/(MT  =  T/i),  the  point  6' the  place  /JT  (NT  =  T/»').  and  so  on.  The  lines  joining  theie 
>oiats  u,  (f,  «,  and  ihe  common  center  O  will  be  the  new  ax^  corresponding  to  MO,  NO, 
iO.  In  order  to  obtain  the  unit  axes  corresponding  to  <^,  {.  d  it  is  merely  necessary  to 
Iiiiw   through  c  a  line  parallel  to  MTi«,  meeting  ^0  at  y,  then  yOy  is  the  new  verti* 

1002. 


1003. 


»1  axis  corresponding  to  eOtf ;  also,  ySO/^'corresponds  to  hOV,  and  aOa'  corresponds  to  aOa\ 
These  three  axes,  then,  are  the  axes  for  the  second  individual  in  its  twinned  position  ;  upon 
hem,  in  the  usual  way,  the  new  figure  may  be  constructed  and  then  transferred  to  its 
)roper  position  with  reference  to  the  normal  crystal. 

For  the  second  method  of  twinning,  when  the  axis  is  normal  to  (032),  the  construction 
8  more  simple.  It  is  obvious  that  the  axis  is  the  line  Ox,  and  using  this,  as  before,  the 
lew  axes  are  found ;  kOic'  corresponds  to  cO<f  (sensibly  coinciding  with  W),  since  c  (001)  A 
)32  =  45**  41',  and  so  on. 

Ill  many  cases  the  simplest  method  is  to  construct  first  the  normal  crystal,  then  draw 
brough  its  center  the  twinning-plane  and  the  axis  of  revolution,  and  determine  the  angular 
)oints  of  the  reversed  crystal  on  the  principle  alluded  to  above:  that  by  the  revolution 
ivery  point  remains  at  the  same  distance  from  the  axis,  measured  in  a  plane  at  right  angle 
<)  the  axis.  Thus  in  Fig.  884,  p.  126,  when  the  scalenohedron  has  been  drawn,  since  the 
winning- plane  is  the  bs^l  plane,  each  angular  point,  by  the  revolution  of  180*,  obtains  a 
)osition  equidistant  from  this  plane  and  directly  below  it.  In  this  way  each  angular  point 
s  determined,  and  the  compound  crystal  is  completed  in  a  moment. 


Drawing  of  Projections. 


Horizontal  Projections.— It  is  often  convenient  to  have,  instead  of  a  drawing  of  a  com- 
slete  crystal,  a  so-called  horizontal  projection  of  its  faces  upon  a  single  plane.  The  plane 
lelected  is  usually  that  normal  to  the  prismatic  zone — in  other  words,  that  parallel  to  the 
)nse  of  nil  crystals  except  those  of  the  clinometric  system  ;  Figs.  30,  32,  84,  36,  89,  on  pp. 
15,  16.  are  examples.  Other  planes  may  also  be  taken  with  advantage  in  certain  cases,  as, 
for  example,  the  clinodiagonal  axial  plane  with  monoclinic  crystals.  Fig.  826,  p.  103» 
represents  such  a  projection  of  a  crystal  of  epidote. 
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The  drawing  of  these  projections  Is  readily  accomplished  by  one  who  has  mastered 
ifw..  the  method  already  described  (p.  551) ;  it  is  further  illusiiair'. 

'    *""°-  here  by  Figs.  1005, 1006.     The  projection  ^iven  (Fig.  lOUo)  u 

that  of  the  figure  of  audalusite  shown  in  Fig.  1000. 

In  Fig.  lUOO  the  dotted  lines  aa\  bb'  represent  the  Uieitu 
axes  (here  sensibly  equal).  The  projection  of  the  unit  pri^m 
tn  (110)  on  this  plane  gives  the  lines  p$  and  qt;  of  the  priMn 
k  (210),  the  lines  »n'  and  mm';  of  the  pyramid,  s  (121).  :li 
lines  a#,  a'q,  afp,  and  at,  etc. 

The  intersection-edges  for  any  two  jpiaxke^  will  be  ^iven  by 
the  line  drawn  through  e  (the  extremity  of  the  vertical  nxh  a- 
projected,  common  to  all  planes),  and  also  through  the  {H>iM 
where  the  lines  representing  the  eiven  planes  intersect,  i  Lu? 
the  faces  i  and  $  are  represented  in  the  proiection  by  the  liLts 
oi  and  qt  respectively.  These  lines  meet  at  •;  hence  the  iDtersection-dfrectioii  for  the  two 
faces  will  be  the  line  drawn  through  O  and  «. 

1006. 


The  projection  shown  in  Fig.  1006,  when  each  face  of  a  crystal  is  represented  by  a  line 
on  a  given  plane,  usually  that  normal  to  the  prismatic  zone  (vertical  axis),  was  i^roposed  hy 

Suenstedt,  and  is  known  as  the  Querutedt  Pr<»ection;  it  was  made  by  him  the  basis  of  an 
aborate  system  of  crystallographv.  It  will  be  noticed  that  zones  here  are  represented  by 
points,  since  all  the  lines  representing  the  faces  of  a  given  zone  must  pass  through  the  same 
point  in  the  plane  of  projection ;  this  is  still  true  mathematically  of  lines  whicb  are 
parallel. 

Spherical  Frqjection. — ^Various  methods  have  been  suggested  and  are  in  use  for  repre- 
senting the  positions  of  the  faces  of  a  crystal,  especially  with  respect  to  their  zonal  rela- 
tions, the  angles  between  them,  etc. ;  these  do  not,  however,  attempt  to  give  a  picture  of 
the  crystal  Itself.  One  of  these— the  Quenstedt  projection— represented  by  Fig.  1006.  has 
already  been  spoken  of.  Another  valuable  method  is  that  of  Ooldschmidt,  which  be 
makes  the  base  of  his  ingenious  and  practical  system  (see  references  on  p.  117). 

The  most  serviceable  method  and  the  only  one  used  in  the  present  book  is  the  spherical 
projection  described  in  Arts.  89  to  49.  and  of  which  examples  are  given  in  the  paffes  follow, 
ing  (see  Fig.  110.  p.  41 :  171,  p.  68,  etc.).  The  method  of  construction  needed  has  been 
explained  in  Art.  40,  so  far  as  it  applies  to  the  orthometric  systems. 

For  the  mo7U>elinie  aystem  it  is  to  be  noted  (cf.  Fig.  827.  p.  108,  and  Fig.  1008)  that 
while  the  poles  of  the  prismatic  faces  still  lie  on  the  circumference  of  the  circle  and  can  be 
fixed  at  once  with  a  protractor,  and  while  all  the  ortbodomes  (hOI)  lie  in  the  diameter  from 
a  (100)  to  a'  (100)  at  90**  from  b  (010),  the  base  e  (001)  is  not  the  middle  point  of  the  circitf. 
as  in  the  projections  of  the  orthometric  systems.  Tlie  position  of  e  can,  however,  be 
readily  fixed,  since  the  complement  of  the  angle  oe  (100  a  001  =  fi)  gives  its  anirulnr 
distance  from  the  middle  point  of  the  diameter  aa'  (P  in  Fig.  1008);  and  this  distance  oiu  tbe 
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projeciioD  ia  pioportional  to  tbe  Ungent  of  half  tklB  aogle  in  terms  of  the  given  radius.  So 
also  ilie  p<j«iiioii  of  any  orlhodome  whose  angular  distance  from  a  (100),  a'  (100),  or  c  (001), 
IS  koowtt  can  be  fixed  ou  the  sphere  of  projection  in  the  same  way. 
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Instead  of  using  the  tangent  of  the  half  angles  with  a  scale  of  proportional  parts  the 
distances  may  be  readily  constructed  without  calculation.     Thus  for  epidote  we  have 

a«,  100  A  101  =  29'*  54'; 

ac,  100  A  001  =  64'  37'; 

a'r,  100  A  101  =  Sr  41'; 

a%  100  A  201  i=  25''  57'. 
Draw  a  circle  with  the  given  radius  (Fig.  1007)  and  measure  oflP  on  the  circumference 
from  a  (100)  and  a'  (100)  the  successive  angles  given.  Then  join  the  points  so  fixed  with 
the  point  O,  the  opposite  extremity  of  the  diameter  at  right  angles  to  aPa',  which  is  sup- 
posed to  be  the  position  of  the  eye  in  this  method  of  projection.  The  points  where  these 
Hues  intersect  the  diameter  aPa!  give  the  position  of  e  (101),  c  (001),  r  (101),  I  (201),  to  be 
used  for  the  projection  of  Fig.  1008. 

When  the  positions  of  the  poles  of  the  orthodomes  of  the  given  crystal  are  fixed  in 
the  diameter  aa'  (Fig.  1006),  and  also  those  of  the  prisms  en  the  circumference  of  the 
circle,  it  is  obvious  that  the  pole  of  any  other  face  can  be  determined  by  drawing  the 
proper  circular  arcs.  Thus  the  arc  010,  101.  010  and  that  110,  001, 110  together  determine 
the  position  of  111,  and  so  on  for  any  pyramid.  Again,  the  arc  100,  111,  100  and  010,  001, 
010  determine  the  position  of  Oil.  It  is  to  be  noted,  however,  that  for  sake  of  accuracy  it 
miy  be  better  to  fix  the  pole  of  Oil.  or  any  given  jclinodome,  independently.  If  (Fig.  1008) 
n  diameter  be  drawn  connecting  h  (010)  and  V  (010),  it  is  clear  that  the  angular  distance  6a> 
nnri  hence  P«  (P6  =  90**)  can  be  obtained  at  once  by  the  solution  of  a  single  right-angled 
triangle  in  which  the  hypotlienuse  (010  A  Oil  or  in  general  001  a  0/fc/)  is  known  and  also 
the  angle  at  h — the  last  being  equal  to  90'— oc.  When  the  point  a?  is  known  the  circular 
arc  axa'  determines  the  position  of  Oil,  and  so  in  general  of  nnv  rlinodomo.  Fig.  1007 
makes  it  clear  at  once  why,  as  stated  in  Art.  40,  the  tangent  of  half  the  angle  from  the  cen- 
tral point  of  the  sphere 'elves  the  position  of  any  pole,  the  radius  of  the  circle  being  taken  as 
unity.  It  is  seen  here  (Fig.  1007)  that  the  actual  angle,  for  example  60**  6',  for ^(101)  at.  the 
'•'Mitiir  is  one-half  the  corresponding  anele  (30*"  8')  at  the  circumference  :  further,  the  distnnc 
T'  •  is  proportional  to  tan  80"  8'  (tan  I  60"  60.  where  the  radius  aP  is  equal  to  unity. 

In  the  trielinie  system  the  spherical  projection  can  be  drawn  by  an  extension  of  the 
metiiod  just  described.  It  is  assumed  thai  the  angles  between  the  pinacoids  are  known, 
nd.  ac,  be  :  also  the  angles  of  the  triangle  nbe  which  are  the  supplements  of  the  axial 
nngles  a,  /S,  y.  In  the  first  place  the  nositions  of  a  (100),  b  (010),  and  of  the  prisms  are 
fixed  by  the  protractor  on  the  circumference  of  the  circle.    Now  draw  through  aaf  a 
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diameter  and  at  rifi;ht  angles  to  this  another  diameter,  meeiing  the  circiimfereDce  at  two 
points  B»  B',  90*  from  a  and  a'.  A  circular  arc  drawn  through  BB'  tind  e  (001)  wii; 
cut  the  diameter  a4i*  at  a  point  K,  whose  distance  from  the  renter  P  can  he  calcubtird 
in  a  right-angled  spherical  triangle  in  which  the  hypolhenuse  {ae}  and  the  adjacent  aui^e 
at  a  are  known.  Hence  the  position  of  K  is  fixed.  Again,  draw  the  di:imeier  U>\  ni.i 
at  right  angles  to  it  another  diameter,  AA'.  If  L  is  the  point  on  bb'  where  ii  is  cut  by 
the  circular  arc  through  bci/,  the  distance  PL  can  be  simihirly  cahulated.  With  K  :u.<i 
L  both  fixed,  it  is  easy  to  draw  oca'  nud  beb\  and  thus  determine  tbe  position  of  c.  Aficr 
the  zone  circles  aca'  and  beb'  have  been  drawn,  the  position  of  any  dome  {hOl  or  OkC)  <  al 
be  similarly  found  by  a  sinele  calculation,  and  as  the  prisms  have  been  fixed  it  is  tas^y  V} 
locate  any  required  pyramid. 

On  the  general  method  of  projection  applicable  to  triclinic  crystals,  see  Groth,  Ph}s. 
£ryst.,  p.  579,  #<  teq,,  and  Liebisch,  Qeomelr.  Eiyst.,  p.  124,  et  teg. 
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This  Appendix  contaiDS  a  series  of  tables,  more  or  less  complete,  of  minerals  nrruuged 
fipi-ordiDg  to  certain  prominent  crystallographic  or  physical  characters.  These,  it  is 
iK-lieved,  will  be  of  service  not  only  to  the  student,  but  also  to  the  skilled  miueralogist. 
Tiible  I.,  of  Minerals  arranged  accordiug  to  Systeiu  of  Ciystallization,  is  intended  tu  chibruce 
:i.l  well-recoguized  species,  though  those  of  relatively  greater  importance,  especially  as 
regards  occurrence,  are  indicated  by  being  printed  iu  heavier  type. 

The  other  tables  make  no  claim  to  completeness,  being  limited  often  to  common  and 
important  species. 

For  an  exhaustive  system  of  Determinative  Tables  based  particularly  upon  blowpipe 
:iud  chemical  characters,  the  student  is  referred  to  the  work  of  Professors  Brush  and  Feu- 
field,  mentioned  on  p.  256. 

I.  MINERALS  ARRANGED   ACCORDING  TO  THEIR  SYSTEM  OP 

CRYSTALLIZATION. 

The  following  lists  are  intended  to  include  all  well-recoguized  species,  whose  crystalliz- 
ation is  known,  arranged  accordiug  to  the  system  to  which  they  belong,  and  further  classi- 
tied  by  their  luster  and  specific  gravity  ;  the  hardness  is  also  given  in  each  case. 

L  CRYSTALLIZATION  I80BIETRIC.» 
A.  LuBTBR  Unmetalljc. 


Specific 

Hard- 

Specific 

Hard. 

Gravity. 

new. 

Gravity. 

neas. 

Sal  Ammoniac  (p.  810). . 

1-58 

1-5-2 

Arsenolite  (p.  880) 

8-7 

1-5 

Kalinite  (p.  585) 

1-75 

2-2-5 

Schorlomite  (p.  419).... 

Hercynite  (p.  839) 

Sphalerite  (p.  291) 

Nantokite  (p.  817).... 

8-81 -8  88 

7-7-5 

Fau)a8ite(p.  460) 

1-92 

6 

8-9-8-95 

7-5-8 

Sylvite  (p.  819) 

1-98 

2 

8  9-4  1 

8-5-4 

Halite  (p,  818) 

2-14 

2-5 

8-93 

2-2-5 

Hydrophilite  (p.  821) . . . 

2-2 

Marshitefp.  817) 

5-6? 

Sodalite  (p.  412) 

214-2-80 

5-5-6 

Alabandite  (p.  292) 

8-96-4  04 

3-5-4 

Analcite  (p.  460) 

2-2-28 

'5-5-5 

Perovskite  (p.  487) 

4-08 

55 

NoseUta  (p.  418) 

2-25-2-4 

5-5 

Berzeliite  (p.  495) 

4-08 

5 

Northupite  (p.  864) 

2-88 

8-5-4 

Gahnite  (p.  889) 

40-4-6 

7-5-8 

HafLynite  (p.  412) 

2-4-2  5 

5-5-6 

Pyrochlore  (p.  489) 

Koppite  (p.  489) 

42-4-86 

5-5  5 

L©acite(p.  881) 

2  45-2-50 

5-5-6 

4-45-4  56 

Lazurite  (p.  418) 

2-88-2-45 

5-55 

Zirkelite  ( ).  846) 

Hatchettolite  (p.  489).... 

4-71 

6-5 

Sulphohalite(p.  621).... 

2-49 

8-5 

4-8-4  9 

5 

Unlstonite  (p.  823) 

2-58 

4-5 

Lewisite  (p.  516) 

4-95 

5-5 

Voltaite(p.  587) 

LangbeiDite  (p  528) 

279 

&-4 

Alopite(p.  516) 

6-08 

5  6-6 

2-88 

Percylite,  Boleite(p.822) 

5-08 

2-5 

Ziinvite  (p.  414) 

2-87 

7 

Mauzeliite  (p.  516) 

5-11 

6-6-5 

Polliicite(p.882) 

2-90 

6-5 

Mangauosite  (p.  882). . . . 

518 

5-6 

Boracite  (p.  518) 

2-9-8 

7 

Sennrmontite  (p.  880).. . . 

5-2-5-3 

2-2-5 

Pharmaco8lderite(p.518) 

2-9-8 

2-6 

Embolite  (p.  819) 

5-3-5  4 

1-1-5 

Nitrobarite  (p.  517).   ... 

8-2 

Oerargyrite  (p.  319).. . 

5-55 

1-1-5 

Pluorite(p.  820) 

8-2 

4 

Miersite(p.  819) 

5-6 

Helvite(p.  414) 

8ie-8-86 

6-65 

Microlite  (p.  489) 

lodobromite  (p.  319) 

5-5-6-1 

55 

Garnet  (p  415) 

8-8-48 

6-6-7-6 

5-71 

1-1-5 

Uhodizite  (p.  518) 

8-4 

8 

Bromyrite(p  819) 

Cuprite  (p.  831) 

BulyUte  (p.  414)  

5-8-6 

2-?  . 

Danulite  (p.  414) 

3-48 

6-5-^ 

685-615 

35-4 

Hauerile  (p.  801) 

8-46 

4 

611 

4-5 

Diamond  (p.  271) 

8  52 

10 

Bunsenite(p.  332) 

6-4 

\5-5 

Spinel  (p   888) 

8-5-4-1 

8 

Monimolite  (p.  496) 

6-58;  7-29 

&-6 

Periclase  (p.  881) 

8  67 

6 

*  Some  peeudo-laometric  8pecie»  are  here  included. 
B,  but  some  8 pedes  are  included  in  both  lists. 


Species  with  submetallic  luster  are  placed  under 
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APPENDIX  B. 
B.   LUBTBR  MbTALLIC  (AHD  6X7BMBTAXLIC). 


Haiierite(p.  801) 

SpbHleriteip.  291) 

Alabundite  (p.  292) 

Oubanite  (p.  297) 

Dysanalyte  (p.  4&8) 

SiuDiiite  (p.  815) 

Ohromite  (p.  841) 

Biuuite(p.  806) 

Teimantite  (p.  318) 

TetrahedHta  (p.  312). . 
Maguesioferrite  (p.  341). 

Fentlandite  (p.  298) 

Polydy mite  (p.  296) 

Jacob6ite(p.  841) 

Sychnodymite  (p.  296). . 

Unnttite  (p.  297) 

Can-ollite  (p.  297) 

Bixbyite  (p.  848) 

P3rrite(p.  800) 

Pranklinite  (p.  341) 

Magnetite  (p.  339) 

Bornite  (p.  297) 

Gersdorfflte  (p.  302) 

Cuprite  (p.  331) 

Brongniardite  (p.  809)... 

Corynite  (p.  302) 

Argyrodite  (p.  816) 

Cobaltite(p.  801) 


Specific 
Gravity. 

Hard- 
neas. 

8-46 

4 

89-41 

8-5-4 

8-95-404 

8-5-4 

40-4-1 

4 

4-18 

5-6 

4-8-4-62 

4 

4-8-4-57 

5-5 

45 

2-5-8 

4-4-4-49 

8-4 

4-4-5-1 

8-4 

4-57-4-65 

6-6-5 

4-6 

8-5-4 

4-5-4-8 

4-5 

4-75 

6 

4-76 

4-8-5 

6-5 

4-85 

5-5 

4-95 

6-6-5 

4-95-5-10 

6-6-5 

507-5-22 

6-6-5 

5-18 

6-6-5 

4-9-54 

3 

5.6-6-2 

5-5 

5-85h6-15 

3-5-4 

5-95 

8-5 

5-95-6  03 

4-5-5 

61-6-2 

25 

6-68 

5-5 

Mellite  (p.  542) 

Darapskite  (p.  517) 

ApophyUite  (p.  452). . 

LOweite(p.  535) 

Ecdemite(p.  516) 

8ftrcolite(p.  426) 

Mrtrialite  (p.  426) 

Mizzonite  (Dipyre).  (426) 
Wemerite    •  (Scapolite), 

(p.  426) 

Meionite  (p.  425) 

Edingtonile  (p.  460) 

Cbiolite  (p.  321) 

Melilite(p.426) 

Gehlenite(p.  427) 

Meliphanite  (p.  407) .... 

Sellaile  (p.  821) 

Zeunerite  (p.  515) 

Pinnoite  (p.  520) 

Vesuvianite  (p.  438) 


Specific 
Ghrarlty. 

Hard- 
ness. 

Canfleldite  (p.  816) 

nUmannite  (p.  802) 

Smaltite,  Ch  oanthite 
(p.  801) 

6-28 
6-2-«-7 
6-4-66 

6-7-6  86 

6-87 

6-97 

70 

7^-786 

7-8-78 

7-4-7-6 

7-5 

7-8 

7-6-8-8 

80 

8-16 

8-2-8-5 

8-3-8-9 

88-8-9 

9-97 

101-11-1 

10-6 

114 

118-118 

13-7-14-1 

14-19 
156-19-3 
22-6-228 

2-5-3 
5-^5 
5-5-6 

Skutterudite  (p.  807).... 

Willyamite  (p.  302) 

Polyargyrite(p.  315).... 
Laurite  (p.  302) 

6 
5-5 

2-5 
7-0 

Argentito  (p.  288) 

Iron  (p.  281) 

Ghdena  (p.  287) 

£ucairite(p.  289) 

Metncinnabarite  (p.  292). 
Claustbalite  (p.  288). . . . 
Naumaunite  (p.  288). . . . 

Altaite  (p.  288) 

Tieinaunite  (p.  292) 

Hessite  (p.  289) 

Copper  (p.  278) 

^2-5 

4-5 

25-3 

2-5 

3 

2-5^ 

2-5 

3 

2-5 

2-5-3 

-  2-5-3 

nraninite(p.  521) 

Silver  (p.  278) 

5-0 
2-5-3 

Spei-rylite  (p.  302) 

Lead  (p.  279) 

6-7 
1'.5 

Palladium  (p.  281) 

Platinam  (p.  280) 

Gk>ld(D.  275) 

4  5-5 
8-8-5 
4-45 
2-5-3 

Iridium  (p.  280) 

6-7 

11.    CRYSTALLIZATION   TETRAGONAL. 
A.  LtrsTBR  Unhetallic. 


1-64 

2-2-5 

28-24 

4-5-5 

2-38 

2-5-8 

6-9-7-1 

2-5-8 

2-54-2-98 

0 

2-57 

5-5-6 

2-62 

5'5-6 

2-66-2-73 

55-6 

2-7(>-2'74 

5  5-6 

2-70 

4-4-5 

2-84-299 

85-4 

29-81 

5 

2-9-31 

5-5-6 

301    , 

5-5-5 

297-3-15 

5 

3-2 

2-25 

827-8  37 

3-4 

3-35-3-45 

65 

Torbernite  (p.  515)... 
Ti-ippkeite-(p.  516)..  . 
Octahedrite  (p.  846). . 

RutUe(p.  345) 

Zenotime  (p.  494) 

Powellite(p.  541) 

Thorite  (p.  430)    

Fergnsonite  (p.  490)  . . 

Zircon  (p.  428) 

Iiomeite(p.  516) 

Sipylile  (p.  490) 

Gnnomnlite  (p.  408)... 

Soheelite  (p.  540) 

PhoBgenite  (p.  864). . . 
Oalomel(p.  317)  ..... 
Wulfenite(p.  641).... 
Oasiiterite  (p.  844).... 
Matlockite  (p.  322).... 

Tapiolite(p.  492) 

Stolzile 


84-8-6 

8-8-8-95 

4-18-4-25 

4-45-4-56 

4-53 

4  4-5  4 

4-4-5-8 

4-68-4-7 

4-71 

489 

5-74 

5-9-6-1 

6-6  09 

648 

6-7-7  0 

6  8-71 

7-2 
7-86-7-5^ 
7-87-8-18 
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OhalcopyriU  (p.  297). 

aatae(p.345) 

Fergui$oDite  (p.  490). 
Haiuiiiiaiuiite  (p.  8 
Braunito  (p.  848). 


Speciflc 
Qravity. 


41-4-8 

418-4«6;5« 
4-4-6'8 
4-7^-86 

4-7&-4-82 


Hard- 


8-6-4 
6-«-6 
5-5-6 
5-5-5 
6-6-5 


PoHauhe(p.  845) 

ReiDite(p.  542) 

UanchecorDite  (p.  395). . 

Tapiolile  (p.  492) 

PlattDerite  (p.  846) 


Specific 
Gravity. 


4-84-5-0 
6-6-4 

6-4 
7-86-7-5 

8-5 


Hard- 


6-6-5 

4 

5 

6 
5-5-5 


Ice  (p.  381) 

Cvprusitc?  (p.  587) 

Eitringite  (p.  538) 

Tbaumasite  (p.  483) .... 
Gmelinita  (p.  459)  U. . . . 
Coquiinbite  (p.  535)  R.  . 

UtaliUe(p  536)  R 

Chal>aait6(p  458; R.... 

LevynUe(p.  459)  R 

Hydronepbelile?  (p.  468). 
Scxin  niter  (p.  517)  R. . . . 

Tridymile  (p.  828) 

Bracite(p.  861)  R 

Cancrinite  (p.  411) 

Microaonimite  (p.  411). 

KaliophiHte  (p.  410) 

Cfirphosi(1erite?(p.586)R 

Meiavoltine  fp.  687) 

ChaIcophymte(p.  51 1  )R. 

Nephelite(p.  409) 

Hnnksite(p.  580) 

Ferronalrite  (p.  536)  R. . 

Milarite  (p.  869) 

Aplitliitali;e  (p  528)  R.. 

Quarts  (p.  324)  R 

Beryl  (p.  405) 

Eucrvptite(p.  410) 

Alunite(p.  537)  R 

Peniiinite(pRen.)f  p.474)  R 
Calcite(p.  864)  R  .... 

Aliiniijin  (p.  530) 

C'atJipleiite  (p.  407)  ... 
Dolomite  (p.  857)  R. . 
Martinite(p.  610)  R... 
Eudialyte  (p.  407)  R. . 
Ankerite  (p.  358)  R. . 
Phenacite  (p.  423)  R. . 
Tourmaline  (p.  447)  R 
Mni^nesite  (p.  358)  R.. 
Pvrojimttllte  <p.  424)  R 
Friedelite  (p.  424)  R. . 
Spangolite  (p.  530)  R. 
Apatite  (p.  497) 


ni.    CRYSTALIZATION  HEXAGONAL.* 
Rhombobedral  species  are  distinguished  by  a  leUer  R. 
A.  Luster  Unmbtallio. 

Jaroflite  (p.  587)  R 8  20 

Raimotidhe  (p.  586)....  8*20 

Hamliuite  (p.  508)  R. . . .  8-23 

Pyrocbioite  (p.  861)  R.  8-26 

Jereme]evit«  (p.  618). . . .  8  28 

Bioptaae  (p.  424)  R 8-2&-8*85 

SSvaiiberfiite  (p.  516)  R.  .  8  80 

Ci  oDstedtite  (p.  475)  R.. .  8*85 

H(  matolite  (p.  507)  R. . .  8-85 

Counellite  (p.  580) 8  86 

Mesitite  (p.  359)  R 8-38-3'42 

Bhodochroiite  (369)  R. .  8*45-3  60 

Svabite(p.  601) 8-52      | 

Siderite  (p.  359)  R 8  88-8  88 

Rhabdopbanite(p.509)R.  8*94-4  01 

Wurizile  (p.  295) 8-88 

Corundum  (p.  333)  R. . .  8  95-4  10 

WUlcmite  (p.  422)  R....  3  94-4  19 

8pI:8eioccbaltiie(8ei)  R..  4  02-4- 13. 

Melanocerite  (p.  407)  R..  4  13 

Tritoroite  (p.  407)  R. . .  4  20      \ 

NordeDskiOldioe  (518)  R.  4  20      | 

Caryocerite  (p.  407)  R...  429      ' 

Parisiteip.  864) 4-36 

fimithsonite  (p.  860)  R. .  4-80-4-45 

Beudantite  (p.  516)  R.  . .  4-4-8 

Plumboguinmite?  (p.514)  4-4'9 

Cappelenite  (p.  407) 4*41 

Greenockite  (p.  294). ...  4  9-5  0  ! 

Hematite  (p.  334)  R. . . .  4*9-5  3  I 

Xanlhoconite  (p.  315)  R.  5-5-2 

Zincite  (p.  332) 5'4-5  7 

ProusUte  fp,  811)  R....  56 

lodyrite  (p.  319) 5-6-5'7 

Fluocerite  (p.  322) 5  7-5  9 

Pyrargyrite  (p.  311)  R. .  6  85 

Penfleldite  (p.  322) '             i 

Barysilite  (p.  408) 611      I 

Tys()nile(p.  321) 6  13 

Pyromorphite  (p.  499) .  6  5-71   , 

Vanadinite  (p.  500) 6*66-6-86 

Bfimetite  (p.  500) 7  0-7*25 

Cinnabar  (p.  293)  R. . . .  80-8*2  i 


01> 

16 

1-75 

2 

1-76 

2-2-5 

1-88 

8*5 

2-04-217 

4-6 

2-09 

2-2*5 

20&-2-16 

4-^ 

2-09-2-16 

4-4*5 

226 

4-5-6 

2*26 

1-5-2 

2*28-2-88 

7 

2-«8-2*4 

2-5 

242-2-5 

6-6 

2-44 

6 

249 

6 

2-50 

4-4-5 

2-68 

2-6 

2-44-2*66 

2 

2*65-2*65 

66-6 

2-56 

3-8*5 

2-56 

2 

2-57 

65-6 

264 

8-35 

2*65 

7 

2-64-2-7;2-80 

7*5-8 

2-67 

2-67 

85-4 

2*6-2-85 

2-26 

2*71 

3 

2-74 

2-3 

2*8 

6 

2-8-2*9 

3-5-4 

2-89 

2-91-2-98 

5-6-5 

295-81 

8-5-4 

2-97-30 

7-5-8 

2-98-3-20 

7-7*5 

80-3-12 

8-5-4-5 

3*06-3*19 

4-46 

807 

4-5 

3*14 

2 

3-17-3-23 

6 

2-6-8-6 
8 

4-6 

2-5 

65 

6 

5 

8*5 

8*5 

8 

86-4 

8*6-45 

6 
86-4 
86 
3-6-4 

9 

6  6 

4 

6-6 

56 

6-5-6 

5-6 

4-5 

6 

8-5-4  6 

4-6 

6-6-6 

8-3-5 

5-5-6-5 

2 
4-4  5 
2-2-5 
1-1-5 

4 
25 

3 
4-5-5 
3-5-4 

3 
3*5 
2-2*6 


*  Some  pseudo-hezagonaj  species  are  iDcltided. 
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Specific 

Hard- 

Speciflc 

Hard- 

QraYity. 

ness. 

OraTity. 

ness. 

Graphite  (p.  278)  R.... 

2J-2-2 

1-1-5 

Pyrargyrite  (p.  811)  R.. 

585 

25 

CbalcopbaDite  (p.  852)R. 

3-91 

2-5 

Tellturinm  (p.  275)  R. .  . 

61-6-3 

2-2-5 

IlmeniteCp  886)  R 

4-5-5 

6-6 

Allemoutite(p.  276)R... 

6-2 

3-5 

C07ellite(p.  294) 

4-6 

1-6-2 

Antimony  (p  275)  R... 

67 

3-35 

Fyrrhotite  (p.  2M) 

46 

8-6-4-5 

Tetiadvmite(p.  284)R.. 

7-2-76 

1-5-3 

Molybdenite  (p.  285). .. 

4-7-4 -8 

1-1-5 

NiocoUte  (p.  295) 

Breilhaiiptite  (p.  296). . . 

7-3-7-67 

5-5-5 

L&ugbanile  (p.  446) 

4-92 

6-5 

7-54 

55 

HemaUte  (p.  884)R.... 

5-2-5-8 

6-6-6-5 

Oinnabar  (p.  298)R.... 

8-0-8-2 

2-25 

MiUerite  (p.  295)  R. . . . 
Anenio  (p.  274)  R 

6-3-6  65 

»-8-5 

Blamnth  (p.  275)  R 

9-7-9-8 

2-2  5 

66^-7 

8-5 

Iridosmine  (p.  280)  R... 

19  8-211 

6-7 

rv. 


Tescbemacherite  (p.  864) 
Tbermonatrite  (p.  866).. 

Carnallile  (p.  822) 

8truvlte(p.  507) 

Epaomile(p.  583) 

Mascagnite  (p.  528) 

Nesquebonite  (p.  866)... 

Go8larite(p.  588) 

Moreuosite  (p.  588) 

Sulphur  (p.  278) 

Lindackerite  (p.  516). . . . 

Nowberyite  (p.  510) 

Niter  (p.  517) 

Bideronatrite  (p.  587).... 

Flnellite  (p.  822) 

NatroUte  (p.  461) 

Okeuiie?(p.  452) 

FelsObanyite  (p.  587).... 
Thomaonite  (p.  462). . . . 

Wavemte(p.  512) 

Hambergite  (p.  518) 

Pirssonite  (p.  866) 

Sulfoborite  (p.  521) 

Fiscberite(p.  512) 

Peganite(p.  512) 

Elpidite  (p.  407) 

Howlite?(p.  519) 

Prehnite  (p.  442) 

Anhydrite  (p.  528) 

Aragonite  (p.  361) 

Spodiosile?  (p.  502) 

Leucopbanite  (p.  407). . . 

Danburite  (p.  480) 

Tyrolite(p.  511) 

Harstigite  (p.  442) 

ReddingUe(p.  508) 

BcTtrandite  (p.  446)  .... 

Laiithauite  (p.  866) 

IoUte(p.  407) 

Thenardite  (p.  523) 

Hopeile  (p.  507) 

Phospbosiderite  (p.  510). 


CRYSTALLIZATION  ORTHORHOMBIC. 

A.  LUBTBR  Ukmbtaxlig. 

Talo(p.  479) 

Beryl  loDite  (p.  496) 

Haidingerite  (p.  510). . . 

Streugite(p.  510) 

Lawsooite  (p.  447) 

Humita  (p.  448) 

AnthophyUite  (p.  898). 
Andalusite  (p.  482).... 

EnaUUte  (p.  384) 

Autunite(p.  515) 

Monticellite  (p.  •^2)... 

Eosphorite  (p.  514) 

CbifdreniteCp.  518).... 
BiUimanite  (p.  488). . . . 

Scoxodite  (p.  509) 

Lossenite  (p.  516) 

Forsterite  (p.  422) 

Duraortierlle  (p.  449). .. 
KomerupiDe  (p.  451)  . . 

Zoisite  (p.  487) 

Dufrenite  (p.  506) 

OhryBoUte  (p.  420). . . . 
Warwlckile  (p.  518). . . . 

Eucbroite  (p.  511) 

Astropbyllite  (p.  487). .. 

Diaapore(p.  848) 

Natrophilite  (p.  496)  ... 

Cenosite  (p.  488) 

Gerhardtite  (p.  517)  . . . 
Hypemthene  (p.  885). . 
Uranospinite  (p.  515)... 

GiiariDite  (p.  487) 

Calamine  (p.  446) 

Litbiopbilite(p.  496)... 

Topaafp.  431) 

Langite  (p.  536) 

Uranocircite  (p.  515). . . 
TriphyUte  (p.  496) .... 
Epididvinite  (p.  869).. 

Mazapilite  (p.  514) 

Hematibrile  (p.  511)... 
Ohrysoberyl  (p.  842) . . 


1-45 

1*5 

1-6-1 -6 

1-1-5 

1-6 

1-15 

l-6flHl-7 

2 

1-75 

2-25 

1-77 

2-2-6 

1-84 

2*5 

1-9-2-1 

2-25 

20 

2-2-25 

2-07 

1-5-2-5 

2-a-2-6 

2-2-5 

210 

8-8-5 

2-09-214 

2 

215 

2-2-5 

217 

8 

2-20-2-25 

5-6-5 

2-28 

4^5 

238 

1-5 

2-8-2-4 

6-6-5 

2-88 

85-4 

285 

7-6 

2-85 

8*85 

2-88-2-45 

4 

246 

5 

2-60 

8-8-6 

2-52-2-69 

65-7 

2-65 

8-5 

2-8-2-96 

6-6-5 

290-2*98 

8-8-5 

2*94 

8-5-4 

2*94 

5 

2-96 

4 

2-97-302 

7-7-25 

80-8*1 

1*5 

305 

5-5 

810 

8-8-5 

2*6 

6-7 

2-6 

2-5-8 

2-6-2  66 

7-7-5 

2-68-2-69 

2-3 

2-76 

25-3 

2-76 

3-75 

2-7-2*8 

2-84 

2-86 

2-87 

806 

8-1-32 

81-«2 

8-16-3*2 

3*16-3-3 

3-05-8-19 

8-03-3  25 

811-3-15, 

818-3*24 

8*24 

81-8-8 

8-2-8-88 

8*26 

8-27 
326-8-37 
8*28-8-4 
8-27-8-37 

8-86 

889 
3-3-8*4 
8*3-35 

8-41 

841 

8-43 
3-4-85 

8-45 

8-49 
8-4-3-5 
8-42-8-56 
8-4-8-65  t 

8*49      I 

8-53     ; 
8*62-3*55 

867 

8-60-3-65 

8-6-3  8 
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Ardenuite  (p.  445). . . 
Libethenite  (p.  504) 
Stanrolite  (p.  450). . 
Strontianite  (p.  362), 
Bromlite  (p.  362) . . . 
AUcamite(p.  822).. 
UraDOphane  (p.  488) 

F!inkite<p.  506) 

Serpierite  (p.  686)... 

Brochantite  (p.  580) 

Brookite(p.  847)... 
Pinakiolite(p.  518). 
Oelefltite(p.  526).., 
Ludwigite  (p.  518). . 
Kueb«Iite(p.  422).. 
Tephroiie  (p.  422). 
Carm]nite(496).... 
GkiUiito(p.  849).... 
Fayalile  (p.  422).... 
OliveDite  (p.  504).. 
Withexito  (p.  862). . 
Adamite  (p.  505)... 

Barite  (p.  524) 

Derby  lite  (p.  516).  • 


Specific 

Hard- 

Gravity. 

neiM. 

862 

6-7 

86-8-8 

4 

8-65-3 -75 

7-7-5 

3-68-8-71 

3-5-4 

8-72 

4-4-5 

8-76 

8-8-5 

8-81-8-9 

2-3 

8-87 

4-45 

8  91 

8-5-4 

887-407 

5-5-6 

8-88 

6 

8-95-8-97 

8-«5 

8-91-402 

5 

8-9-41 

6  6 

4-4-12 

5-6-^ 

4*105 

2-5 

40-4-4 

5-5-6 

4-414 

6-5 

41-4-4 

8 

4-8-4-85 

8-8-75 

4-84-4-85 

8-5 

4-5 

2-5-8-5 

4-58 

6 

Pseudobrookite  (p.  848) . 

Euzenite  (p.  493) 

Ceriie  (p.  447) 

uSschyuite  (p.  493)... 
Polycrase  (p.  493) .... 

CotuDnite(p.  821) 

Vulentinite  (p.  830)  . . 
Samankite  (p.  492). . , 
Yttrotantalile  (p.  492), 
MelaDcnekite  (p.  446). . 

AnnerOdite  (p.  493) 

Phoenicocbi-oite?  (p.  529) 

Tellurite  (p.  830) 

Descloizite  (p.  505).  • . 

Kentrolite  (p.  446) 

Angledte  (p.  527) .... 
Pucberite  (p.  496) .... 
Oaledonite  (p.  580). . . 

Daviesite  (p.  322) 

Laurionile  (  p.  822). . . 
Oerasaite  (p.  863) .... 

Nadorite  (p.  516) 

Ocbrolite  (p.  516) 

Mendipite(p.  822).... 


Specific 

Hard- 

Gravity. 

ness. 

4-89-4  98 

6 

4-6-5 

6-5 

4-86 

55 

4-98;  6  17 

5-6 

4-97-604 

5-6 

5-24-5-8 

2 

5-57 

25-a 

6-6-6-8 

6-6 

5-5-59 

5-5-5 

5-7 

6-5 

5-7 

6 

5-75 

8-8-5 

5-9 

2 

5  9-6-2 

3-5 

6-19 

5 

6-12-6-89 

2-75-a 

6-25 

4 

6-4 

2-5-3 

8-8-5 

6-46-6-67 

3-3-5 

702 

3-5-4 

7-7-1 


2-5-a 


B.  LusTBR  Metallic  (and  Submbtallic). 


BrooUto  (p.  847) 

8-87-4-07 

5-5-6 

Bournonite  (p.  810) 

57-5-9 

25-a 

Dvaite  (p.  445) 

4-0-4  05 

5-5-6 

Boulangarite  (p.  809).. . . 
Hiclmite  (p.  498) 

5-75-6-0 

2-5-a 

Sterubergite  (p.  290).... 
ManganTte  (p.  849) 

4-1-4-2 

1-1-5 

5-82 

5 

4-2-4-4 

4 

Diaphorite  (p.  809) 

59 

25-a 

Enargite(p.  816) 

4-43-4-45 

8 

aiaacodot(p.  304).t.... 

5-9-60 

5 

SUbnite(p.  288) 

4-5-4-6 

2 

Anieiiop3riite  (p.  803)... 

5-9-6-2 

5-5-* 

Faniatinile  (p.  816) 

4-57 

8-5 

Kentrolite  (p.  446) 

6-19 

5 

Klaprotholite(p.  808)... 

4-6 

2-5 

Aiklnite  (p.  810) 

6-1-6-8 

2-2-5 

WiuicbeiiUe(p.810).... 

4-5-5 

3-5 

Stromeyerite  (p.  290). ... 

6-15-6  3 

2-5-3 

Eiixenite(p.498) 

Ciialcostibite  (p.  808).... 

46-5 

6-5 

Stephanite  (p.  814) 

6-2-6-3 

2-2-5 

4-75-5 

8-4 

Guanajuatite  (p.  284).... 

625-6-6 

25-3-5 

PyroliMite(p.  847) 

4-73-4-86 

2-2-5 

Geocronite  (p.  814) 

6-3-6-45 

2-5 

Polymignite  (p.  498) 

Stylotypite  (p.  810) 

4-77-4 -85 

6-5 

Wolfacbite  (p.  804) 

6-37 

4-5-5 

4-8 

8 

Erapleciile  (p.  808) 

6-3-6-5 

2 

Marcasite  (p.  302) 

4-85-4-9 

6-6-5 

Menegbinite  (p.  313) 

6-4 

2  5 

.^schinite  (p.  498) 

4-93;  5-17 

5-6 

Blsmuthinite  (p.  284)... 

6-4^-5 

2 

Zinkenita(p.  307) 

6-3-5-85 

a-35 

Schapbacbite  (p.  809).... 

6-48 

3  5 

Andorite  (p.  308) 

5.84 

Alloclasite  (p.  804) 

6-6 

4-5 

j!5artorite(p.  308) 

5-89 

8 

Cosalite  (p.  309)  ; 

6-4-«-75 

2-5-3 

Columbite(p.  490) 

5-86-6-0 

6 

Nagyagite  (p.  305) 

6-85-7-2 

1-1-5 

SuntUite  (p.  808) 

5-5 

8-4 

Raramelsbergite  (p.  804). 

6  9-7-2 

5-5-6 

Dufrenoyaite  (p.  809).. . 
Chalcodte  (p.  290) 

5-55 

3 

8afflorite(p.  304) 

6-9-7-3 

4-5-5 

5-5-5-8 

2-5-3 

Tantalite  (p.  490) 

7-7-3 

6 

Yttrotantallte  (p.  492)... 

5-5-5-9 

5-5-5 

L5lHngi»e  (p.  803) 

Aoan&ite(p.  290) 

7-0-7-4 

5-55 

Jamesonite  (p.  808) 

6-5-6-0 

2-8 

7-2-7-3 

2-2-5 

AnnerOdite  (p.  493) 

5-7 

6 

Krenneiite  (p.  305) 

835 

Melanotekite  (p.  446).... 

5-7 

6-5 

Dyaoraaite  (p.  288) 

9  4-9-8 

8  5-4 

662 
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KairoD  (p.  366) 

Mirabilite  (p.  581) 

Wliewdlite  (p.  543).... 

Siercoriie  (p.  510) 

Aluiiiiuiie  (p  587) 

Aluuogeu  (p.  585) 

Borax  (p.  520) 

fioiissiiiK&uliiie  (p.  586).. 

Apjohnite?  (p.  585) 

1^'ibiofenite  ?  (p. 586).. . . 

HffeUnterite  (p.  584) 

llHlotriclnte?  (585) 

Pickeringite  (p.  585). . . . 
Hydrobuiatite  (p.  521).. 
Oay-luMite  (p.  366).... 

Kr51iiikite  (p.  536) 

Diiidochite  (p.  516) 

Botiyogen  (p.  587) 

MorUfiiite  (p.  458) 

Ka!DUe(p.  580) 

Quetenite?  (p.  588) 

Copiapile  (p.  586) 

Tronn(p.  867) 

Picromorite  (p.  585) 

€a8tmiite(p.  586) 

Quunstedtite  (p.  585) 

Ileiiitzite(p.  520) 

Uydromagncsite  (p.  867). 

Stilbite  (p.  456) 

8colecite(p.  462) 

Bnishite  (p.  510) 

Heulandite  (p.  454) 

Danipskite  (p.  517) 

PhiUipsite  (p.  455) 

Mesolite  (p.  462) 

Blodite  (p.  585) 

Epistilbite  (p.  454) 

Oismondile  (p.  457) 

Laamontite  (p.  457). . . . 

Mitlnhrushite  (p.  510).. . . 

Wellsile  (p.  455) 

0]rpsum(p  531)  

Gibbsite  (p.  351) 

PetaUte(p.  369) 

Citlcmanite  (p.  519).    .. . 

Hautefeuilliie  (p.  508) .. . 

Brewst elite  (p.  454). . . . , 

Harmotome  (p.  456).. . . 

HoBtiK^site  (p.  508) 

Wjipplerite?  (p.  510) . . , 

Serpentine  (p.  476) 

<^al'i<>  erritu  (p.  514). . . 

Eudi.lymile(p.  .%9) 

Orthoclase  (p.  370). . . . 

Kii'seriie  (p.  531)  


Bpecfflo 
Gravity. 


1*44 
1-48 

1-615 

1-66 

l'6-l-8 

1-69-1 -72 

1-70 

1-78 

1-84 

1-90 
l-J^-2  0 

1-9-2  0 

1-94 

1-98 

2-035 
204-2-14 

208 
207-2-19 
2  08-214 

210 

2  12 
2-1-2-2 

212 

212 

218 

2*16 
2-18-2-20 
216-2-4 

2  21 
218-2-22 

2-20 

22 
2-2-24 

2-25 

2-25 

2-26 
2-25-2-36 

2-29 

2-28-2-8 

2  31-2-3: 

23-24 

2-39-2-46 

2  42 

2  435 

2  45 
2  44-2-5 

2-47 

2-48 
2-50-2-65 
2-52-2-53 

2  55 

2-57 

2  57 


Hard. 


1-1-5 
1-6-2 

2  5 
2 

1-2 
1-5-2 
2-2-5 

1-5 

2-26 

2 


2-8 

25 

3 

2-25 

8-4 

2-5-8 

8 

25 

2-6-8 

8 

26 

4-5 

86 
8-5-4 
5-5-5 
1^25 
8-5-4 

2-8 

4-45 

5 

2-5 
4-4-5 

4-5 
8-5-4 
2-5-8 
4-4-5 
1-5-2 
2-5-3-5 
6-6-5 
4-45 

25 
5 

4-5 

1 

2-2-5 

2  5-4 

25 
6 
6 

3-35 


Specific 
Gravity. 


Vivianite  (p.  508) 

BjugeniteCp.  584).. 

Kaolinite(p.  481) 

Phonnacolite  (p.  510).. . . 
OUnochloro  (p.  473)... 

PectoUte(p.  895) 

Augellte(p.  518) 

aiauberite  (p.  528) 

PolybalUe?(p.  585) 

Maacovit6(p.  464).... 

LepidoUte  (p.  467) 

BioUte  (p.  467) 

Phlogopite  (p.  469) 

Proohlorite  (p.  475) 

Hyalophane  (p.  873) 

QauophvUite  (p.  452). . . . 

Zinnwaldite  (p.  467) 

Cuspidlne  (p.  442) 

Liroconite  (p.  514) 

WoUaatonite  (p.  394). ... 
Pyrophyllite  (p.  482). .. 

Prosopite  (p.  3*^8) 

CoriiDdopbilite  (p.  475).. 

Isoclusite?  (p.  511) 

Caipliome(p.  447) 

I>atoUte(p.  435 

PacbnoHteip.  328) 

Tbomseuolite  (p.  328). . . 

CryoUte  (p.  321) 

Mosaiidnio  (p.  487) 

Erirthrite  (p.  509) 

Symplesiie  (p.  508) 

Cnbrerile  (p.  509) 

BeraiiDite  (p.  518) 

Herderite  (p.  503) 

Margarite(p.  470) 

Amphibole  (p.  399). . . . . 

LazuUte(p.  506) 

WHgDerile  (p.  502) 

Xantbopbyllite  (p.  471).. 

Seybertil«(p.  471) 

Kmtlglte  (p.  509) 

Buclase  (p.  436) 

Glaucophane(p  408)... 

Ludlamile  (p.  513) 

Herrengruiidile  (p.  586). 

Churchite  ?  (p.  509) 

Ohondrodlte (p.  443). .. 

Olinohumite  (p.  448) 

Proli'Ctite  (p.  443) , 

Spodmnene  (p.  393). . . . . 

nureaulite(p.  510) , 

Jolmnnile(p.  538) 

Pyroxene  (p.  387) 

Ncptuniie  (p.  487) 


2-58-2-681 
260  j 
2  6-2-68  ' 
2  64-S-73 
2-65-2-78 
2-68-2-78 

27 

2-7-2  85 

2-77 

276-8 

2-8-2-9 

27-«l 

2-78-2  85 

278-2-96! 

2-805    ! 

2-84 

2-82-820 

2-86 

288 

28-29 

28-2-9 

2-89 

2-90 

292 

298 

29-30 

2  98-8 

298-3 

2-95-8 

2  98-3 

295 

296 

2-96 

2  98 

2  99-8  01 

2-99-3  08 

2  9-3  4 

306 

807 

8-09 

8-81 

81 

810 

8.10-311 

8-12 

8-13 

814 

8-1-8-2 

31-8  2 

813-3  2 

8185 

8-199 

8-2-36 

8  23 
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Specific 

Hard- 

Speciflo 

Hard- 

Gravltj. 

IH)88. 

Qravity. 

ness. 

Job  nstni pile  (p.  487). .. . 

8-29 

Asnrite  (p.  865) 

8-77-8-83 

3-5-4 

Bpidote  (p.  488) 

8-25-8-6 

^7 

Allactite(p.  606) 

8-83-8-85 

4-5 

Rosen buscbite  (p.  895). . 

8-8 

6-6 

Allanite  (p.  440) 

3-5-42 

5  5-(^ 

Tr5s?erite  (p.  515) 

8-8 

Claudetite  (p.  380) 

8-85-4-15 

2-5 

Ottreliie?(p.  471) 

88 

6-7 

Bftalaohite  (p.  864) 

8  9-4  03 

8-5-4 

Clinohedrite  (p.  447) 

Jadeita  (p.  398) 

888 

6-6 

Durangite(p.  608) 

8-94-407 

5 

888-S-86 

6-5-7 

PartochlDite  (p.  419). . . . 

40 

6-5-7 

Homilite(p.436) 

8-88 

5 

Gkidolinite  (p.  486) 

4-0-4-6 

6-5-T 

Dickinsonite  (p.  507) 

Piedmontite  (p.  440). . . . 

8-84 

8-6-4 

BaryHte(p.  408) 

408 

7 

8-40 

6-5 

Tagilite(p.  511) 

408 

3-4 

WOhlerite  (p.  896) 

8-41-8'44 

55-6 

Dibydrite  (p.  505) 

4-4-4 

4-5-5 

Sapphirine  (p.  451) 

8  42-^-48 

76 

Sarkiuite  (p.  502) 

PyrostilpDite  (p.  812).... 

4-18 

4-5 

Kiel)eckite(p.404) 

848 

4-2 

2 

Fillowite  (p.  607) 

8-48 

46 

ClinoolaiiU  (p.  505).... 

419-4-86 

2-5-8 

Tripliie  (p.  602) 

844-8-8 

4-6-5 

Karmeflite  (p.  806) 

4-5-4-6 

1-1 -(^ 

Orpiment  (p.  282) 

84-86 

1-5-2 

Lautarite  (p.  517) 

4-59 

Kinkite{p.487) 

846 

6 

Monazite  (p.  495) 

49-53 

5-6-5 

Arfvedsonite  (p.  405). .. 

8-44-8-46 

6 

Iiinarite(p.5d0) 

53-5-45 

2-5 

Svuadelphite  (p.  506).... 

8-45-8-50 

4-5 

Lorandite  (p.  808) 

5-53 

2-2-5 

Titaiilta(p.485). 

8-4r^66 

6-5-5 

Baddelevlie  (p.  846) 

VauqueliQite  (p.  529).... 

5-5;  6026 

6-6 

Acmite  (p.  891) 

8-6-8  65 

6-6-5 

5-8-61 

25-S 

VeszelvUe  (p.  511) 

Ldvenit€(p.  895) 

8*58 

8-5-4 

Orocoite(p.  529) 

59-61 

2-5-8 

8-5l-8'56 

6 

Agricolite  (p.  419) 

60? 

Ohlorltoid?  (p.  471).... 

852-8-57 

6-6 

Tenorite(p.  882) 

6-8-6-25 

8-4 

Keilliauite(p.487) 

8'52-8'77 

65 

LeadhiUite  (p.  530) 

6-26-6-44 

2-5 

Dietzeite(p.  517) 

8-70 

8-4 

Lanarkite  (p.  580) 

6-3-6-4 

2-2-5 

Triploidite  (p.  502) 

8-7 

4flH5 

Ateleatiie  (p.  607) 

6-4 

8-4-5 

Realgar  (p.  282). 

8-6 

l-flH2 

Fiedlerite  (p.  822) 

Barvtocalcite  (p.  864).... 

8-66 

4 

Hiibnerite  (p.  589) 

7-2-7-5 

5-55 

Adelile,  Tila8ile(p.  602). 
ChalcomeniUj  (p.  588). . . 

8-74 

6 

Raspite(p.  541) 

8-76 

Allanite  (p.  440) 

Crednerite  (p.  843)... 
Miargyrite  (p.  808).. 
Plagioxiite(p.  808)... 
Uittingerite  (p.  812).. 
Semseylte  (p.  809). . . 


B.   LUBTBB  MRTAIiLIO  (AKD  SuBMBTALLIO). 

Polybaidte  (p.  814) 

Pearceite(p.  816) 

FreiMlebenite  (p.  809). 

Jordanite(p.  318) 

Wolframite  (p.  539) 

Sylvanite  (p.  304) 

VI.    CRYSTALLIZATION  TRICLINIO. 
A.  LuBTER  Unmetallic. 


3-5-4-2 

5&-6 

4-WJ-l 

4-5 

6-1-68 

2-2-5 

54 

2-5 

6-68 

2-25 

5-95 

2-8 

60-6-2 

6-15 

6-2-64 

6-39 

7-2-7-5 

7-9-8-3 

SassoHte  (p.  852) 

Lnosfordite  (p.  867). ... 

HannayUe(p.  610) , 

AmnraDtite  (p.  536). . . . . 
Chalcanthite(p  534)... 

ROmerite  (p.  636) 

Microcline  (p.  373) 

Albite  (p.  877) 

OUgoclaae(p.  378) 

Andesino  (p.  379) 

Labradorite  (p.  379). . . 

Anorthita  (p.  380) 

MrMH-tit<>  (p.  507) 

ItKwiie  (p   452) 

Amblygonite  (p.  603)... 


1-48 

1 

1-54 

2-5 

1-89 

2-11 

2-5 

2-12-2-30 

2-5 

2-17 

3-3-5 

2-64-3-57 

6-6-5 

262-2-65 

6-6-5 

265-2-67 

6-6-5 

2-68-2-69 

ft-6-5 

2-70-272 

6-6-5 

2-74-2-76 

6-6-5 

2-75 

35 

3  03 

6 

301-3-09 

6 

Palrfieldite  (p.  507) 

Messelile  (p.  507) 

Cbalcosiderite  (p.  514). 

Azimt6(p.  441) 

Hiortdublite  (p.  396). . . 

BabiDgtonite  (p.  396)... 

,  Oelsian  (p.  881) 

I  Rhodonite  (p.  895) 

Trimerite  (p.  424) 

Cbloritoid?  (p.  471).... 

Roselite  (p.  507) 

Oyanite(p  434) 

Brandtite  (p.  507) 

^iiigmRtUe  (p.  405) . . . 

Walpurgite?  (p.  515)... 


8-10 

3-11 

3-27 

3-27 
8-35-3-37 

3  87 
3-4-3-68 

3-47 

8-52-8-57 

3-5-3-6 

8-56-8-67 

8-67 

8-85 

5  76 


2-8 

8 
2-25 

8 
5-5-& 
l-flH2 


8-5 

3-5 

4-5 
6-5-7 
5-5-6 
5-5-6 
6-6-5 
5-5-6-5 

6-7 

6-5 

3-5 
5-7  25 
5-5-5 

35 
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IL  CBYSTALLINE  HABIT, 

L  ISOMETRIC  SYSTEM, 

Id  the  following  lists  some  species  are  enumerated  whose  crystalline  habit  is  often  so 
marked  as  to  be  a  distinctiye  character. 

Cubes.— Metallic  Luster  :  Galena;  Pyrite. 

Un METALLIC  Luster  :  Fluorite;  Cuprite;  Cerargyrite;  Halite;  Sylvite;  Boracite;  Phar- 
uiacofiiderite.    Also  Percy  lite;  Cerargynte;  Perovskite. 

Cube-Uke  fanm  occur  with  the  loUowing :  Apophyllite  (tetragonal);  Cryolite  (mono- 
clinic).  Also  with  the  rhombohedral  species:  Chabazite:  Alunite;  Calclte;  rarely  Quartz 
and  Hematite. 

Octahedrons.— Metallic  and  Submbtaluc  Luster  :  Magnetite;  Franklinite;  Chro- 
mite;  Unininite.     Also  sometimes.  Galena;  Pyrite;  Linuseite;  Dysanalyte. 

Unmbtallic  Luster  :  Spinel  (iucL  Hercynite  and  Gahnite);  Cuprite;  Diamond;  Pyro- 
chlure  and  Microlite;  Ralstonite;  Periclase;  Alum. 

Forma  somewhat  resembling  regular  octahedrons  occur  with  some  tetragonal  species^  as 
Brauuiie;  iiausmannite;  Chalcopyriie;  Zircon,  etc.;  also  with  some  rhombohedral  species* 
as  Dolomite. 

Dodecahedrons.— Metaluc  Luster  :  Magnetite;  Amalgam. 

Unmetallic  Luster  :  Garnet;  Cuprite;  Sodalite. 

Trapezohedrons. — Unhbtallic  Luster  :  Ghimet;  Leucite;  Analcite, 

Pyritohedrons.— Metallic  Luster  :  Pyrite;  Cobaltite.  Also  Geiadoifflte;  Haaerite 
(submetallic). 

Tetrahedrons.— Metallic  Luster  :  Tetrahedrite. 

Unubtallic  Luster  :  Sphalerite;  Boracite;  Helvite;  Eulytite;  Diamond. 

The  tetragonal  sphenoids  of  Chalcopyrite  may  resemble  tetrahedrons. 

n.  TETRAGONAL  SYSTEM. 

Square  Psrramids.— Submetallic  Luster  :  Braunite;  Hausmannlte. 
Unmetallio  Luster  :  Zircon;  Wulfenite;  VesuYianite;  Octahedrite;  Xenotlmo. 

Square  Prisma.— Unmetallic  Luster  :  Zircon;  Vesuvianite;  Scapolites;  Apophyllite; 
Phosgenite. 

Square  tabular  crystals  occur  with  Apophyllite;  Wulfenite;  Torbemite. 

Prisms  nearly  square  are  noted  with  a  number  of  orthorhombic  species,  e.g.t  Topaz; 
Andalusite;  Danburite. 

ni.  HEXAGONAL  SERIES. 

Hexagonal  Prisms. — ^Unhbtallic  Luster  :  Beryl;  Apatite;  IVromorphfte;  Vanadinite; 
Mimetite  (usually  indistinct  rounded  forms.  Also  Nepbe1ite;Mi]ante:  Tysonitcand  others. 

Hexaeonal  prisms  are  also  common  with  the  rhombohedral  specien  Quartz;  Calclte;  Tour- 
maline; Willemite;  Phenacite:  Dioptase,  etc.  Again,  with  the  Micas,  etc.  Numerous  rare 
flpecies  could  be  Included  here. 

Many  ortTiorhomhie  (or  monoelinui)  species  having  a  prismatic  angle  of  about  60*  (anci 
130')  simulate  this  form  both  In  simple  crystals  and  still  more  as  the  result  of  twinnin?. 
Thus,  Ara^nlte:  Strontlanlte;  Leadhlllite:  Tolfte.  It  is  also  to  be  noted  that  the  iBomeirir 
dodpcfihedron,  e  jr..  of  Garnet,  has  often  the  form  of  a  hexagonal  pyramid  with  trihedral 
terminjitlons  Ccf.  Pig.  443.  p.  184).  

Tabiiljir  bexafironal  prisma  are  noted  with  various  species.  Thus,  Mbtaixic  Luster  : 
Hematite;  Tmenlte;  Pyrrhotite.     UNitfETALLic  Luster  :  Trldymlte. 

Hexagonal  Pyramids.— Apatite:  Conmdum  (rhombohedral);  Quarts  (rhombohedral- 
trappzohf^dral):  Hankslte. 

This  form  Is  often  simulated  bv  various  orthorhombir  species.  In  part  as  the  result  of 
twinnine.  For  example.  MKTALLTr  luster  :  Cbalcocite;  Stephan1te;Polybaslte;  Jordaniie, 
etc.     Also  Brooklte  (Piir.  301    p  94) 

Unmetallio  Lurter  :  Witlierite:  Bromlite:  Cenisslte;  lollte. 

Trigonal  Prism. — Tourmaline. 
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Rhombohadroiui.— Augle  TS""  (aud  105*) :  Calcite;  Dolomite;  Siderite;  Rhodocbrosite. 
^ug\i£  Dot  far  from  90*:  Cliabazite;  Alunite. 

Scalonohedrons.— Calcite  and  allied  Carbonates;  Proustite. 

IV.  ORTHORHOMBIC,  MONOCLINIC  AND  TRICLINIC  SYSTEMS. 

Priamatic  OryataLi. — MsTALLic  LuflTSB  :  Stibnite;  Arsenopyrite;  Bourn  on  ite;  Manga- 
liie;  Golbite,  etc. 

Unmktallic  Lubtbr:  (^rM^A^mMe)  Topaz;  Staurolite;  Andalusite;  Barite;  Celeatlte; 
L)titiburite.     AUo  (monoelinie)  Pyroxene;  Ampbibole;  Ortboclase.  and  many  otbers. 

Kpidoie  crystaltt  are  often  prumatic  in  aspect  (Fig.  860,  p.  488). 

Tabular  OryBt«]fl.~BtiTite;  Cerussite;  Calamine;  Diaspore;  Wolkatonite. 

Acicnlar  Oryatali.~MBTALLic  Lubtbr  :  Stibnite;  Bismuthinite;  Millerite;  Jamesonite; 
iikiiiiie,  aiul  oiiier  species. 

Unmbtallic  Lubtbr  :  Pectolite;  Natrolite;  Scolecite;  Thomsonite,  and  otber  Zeolites, 
llso  Arugouiie;  Btrontiauite;  less  often  Calcite.     Also  many  other  species. 


Twin  Crystals. —The  habit  of  the  twins  occurring  with  many  species  is  very  character- 
Stic.  Reference  is  made  to  pp.  118  to  ISO  and  the  accompanying  figures  for  a  presentation 
)f  this  subject. 

III.    STEUOTUBB   OF  MASSIVE  MINERALS. 

Fibrous. — FSfert  uparabU:  Asbestus  (smphibole);  also  the  similar  asbestiform  variety 
3f  serpentine  (chrysotile);  Crocidolite  (color  blue). 

Fiben  not  teparable,  ehigfy  $iraight  :  Calcite;  Orpsum.  Also  Amgonlte;  Barite;  Celes- 
lite:  Anhydrite;  Brucite;  Enstatite;  W  ollastonite;  Dufrenite;  Vivianite.  See  also  Columnar 
below. 

Fibrous-Radiat«d.^WaTellite;  Thomsonite;  Katrolite;  Stllbite,  and  other  Zeolites; 
GOthite;  Malachite. 

Oolnmnar.— Mbtallic  Luster  :  Stibnite;  Hematite;  Jamesonite;  Ziukenite,  etc. 

Unmbtallig  Lubtbr  :  Limonite;  GOthite;  Araffonite;  Amphibole  (tremolite,  actinolite, 
?tc.):  Epidote;  Zoisite;  Tourmaline;  Sillimanite;  Natrolite  and  other  Zeolites;  Strontianite; 
Wilherite;  Topaz. 

Cyanite  has  often  a  bladed  structure. 

Fibrous  and  columnar  varieties  pass  into  one  another. 

IfamellarSt«llat«.— Gypsum;  Pyrophyllite. 

Foliated.— Mbtaluc  Luster:  Graphite;  Molybdenite;  Tetradymite;  Stembergite; 
Li  asrvairite 

Unmktallic  Luster  :  Talc;  Orplment;  Gypsum;  Pyrophyllite;  Serpentine;  Gypsum. 

Micaceous.— The  Micas,  p.  468:  also  the  Brittle  Micas,  p.  470,  and  the  Chlorites,  p.  472. 
\l8o  Brucite;  Orpiment;  Talc;  Torbemite;  Autunite. 

Onmular.— Metallic  Luster  :  Galena;  Hematite.  Many  sulphides,  sulpharsenites, 
!tc..  have  varieties  which  are  flne-granular  to  compact  and  impalpable. 

Unmetallic  Luster  :  Pyroxene  (coccolite);  Garnet;  Calcite;  Barite,  etc. 

Botryoidal,  Mammillary,  Reniform,  etc.— Metallic  Luster:  Hematite;  Arsenic; 
\'lpTnontite.  ,       r^.    1     J  TT 

Unmktallic  Luster  :  Malachite;  Prehnite;  Calamine;  Smithsonitc;  Chalcedony;  Hya- 
iie:  Sphalerite,  etc. 

Stalactitic— Metallic  Luster  :  Limonite:  Psilomelane:  Marcasite. 

Unmetallic  Luster  :  Calcite;  Aragonite;  Gibbsite;  Chalcedony. 

IV.  PHYSICAL  CHARACTERS. 

I.  CLEAVAGE. 

Oublc— Metallic  Luster  :  Galena.  ...,.,,       *  ^      „   v 

Unmktallic  Luster  :  Halite:  Sylvite.  The  cleavage  of  Anhydrite  (also  of  Cryolite) 
Mmnlatcs  this.     Cf.  also  Corundum,  p.  333. 
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Octahedral.— Fluorite;  Diamond.    Mag aetite  (also  Franklinite)  baa  often  distinct  c>c'.a 
hedral  parti  ug. 

Dodacahedral.  — Spbal  erite. 

Rhombohedral.— Calcite  and  other  species  of  the  same* group,  pp.  S5i-860. 
Square  PriamatSo  (00*).— Scapolite;  Rutile;  Xenotime. 
Priamatic.—Barlte;  Celestite;  Amphibole  (54'  and  126*).  etc. 
Basal.— Metallic  Lvstbr  :  Graphite;  Molybdenite. 

UvMBTALLio  LusTER :  Apopbyllite;  Topaz;  Talc;  the  Micas  and  Chloritea;  Chalcopb>l 
lite,  etc.    Pyroxene  often  shows  marked  basal  parting. 
Pinacoidal.— -Metallic  Lubtbb  :  Stibnite. 
Unmbtallic  Lubteb  :  Oypsum;  Orpiment;  Euclase;  Diaspore^  etc* 


U.  HARDNESS. 


1.  Soft  Bflnerala.— The  following  minerals  are  conspicuously  Sqfl,  that  is,  H  =  3 
or  less;  they  hence  hare  tkjreaiy  feel.     (See  further  the  Tables,  pp.  657  to  568.) 

Metallic  Lubteb  :  Oraphite;  Molybdenite;  Tetradymite ;  Sternbergite ;  Argeoiii.; 
Naffvaglte;  some  of  the  NatiTe  Metals  (Lead.  etc.X 

UNMBTALLIC  LuBTBR :  Talc;  Pyrophyllite;  Brucite;  Tyrolite;  Orpiment;  Cerargyritt; 
Cinnabar;  Sulphur;  Qypsum. 

Also  Calomel,  Arsenolite,  and  manj  hydrous  sulphates,  phosphates,  etc 

2.  Bard  Minerals. ^Minerals  whose  hardness  is  equal  to  or  greater  than  7  (Quartz  =  o. 
The  following  minerals  are  here  included: 

Luster  Unmbtallic 


QuARTZ(p.  824) 7 

Tridymite  (p.  828) 7 

Barylite  (p.  408) 7 

Dumortierite  (p.  449) 7 

Danburite  (p.  480) 7-7-26 

BORACITB  (p.  618) 7 

Znnyite  (p.  415). . . ; 7 

CYANiTB(p.  484) 5-7-26 

Tourmaline  (p.  447) 7-7*6 

Garnet  (p.  415) 6-6-7'5 

loLiTB  (p.  407) 7-76 

Staurolite  (p.  460) 7-7*5 

Schorlomite  (p.  419) 7-7*6 

Sapphirine  (p.  451) 7-5 

Euclase  (p.  486) 7*5 


Hambergite (p.  618) 75 

Zircon  (p.  428) 75 

Andalusitb  (p.  483) 7  3 

Bertl(p.  405) 7>< 

Lawsonfte  (p.  447) 7  .>*< 

Phenacite  (p.  iSSSj 7  v^ 

Gahnite(p.  889) 7vV'< 

Hercynite(p.  889) 7  V^ 

Spinel  (p,  888) 8 

ToPAz(p.  481) ^ 

Rhodizite  (p.  616) 8 

Chrysobertl  (p.  848). ^  ^ 

Corundum  (p.  888) 9 

Diamond  (p.  271) 10 


The  following  minerals  have  hardness  equal  to  6  to  7,  or  6*6—7. 

Luster  Metallic  :  Iridosmine  (p.  280);  Iridium  (p.  280);  Sperrylite  (p.  802). 

Luster  Unmbtallic:  Ardennite  (p.  446);  Axinite  (p.  441);  Betrandite  (p.  446^^: 
Cassiterite  (p.  844);  Chrysolite  (p.  420);  Diaspore  (p.  848);  Elpidite(p.  407);  Epidote  (p.  ^"^ 
Forsterlte  (p.  422);  GadoIiDite  (p.  486);  Jadeite  (p.  898);  Partschlnite  (p.  419);  Sillimtvi  i  e 
(p.  438);  Spodumene  (p.  898);  Trimerite  (p.  424). 

in.  SPECIFIC  GRAVITY. 

Attention  is  called  to  the  remarks  in  Art.  280  (p.  158),  on  the  relation  of  specific  RrsTity  t9 
chemical  composition.  Also  to  the  statements  in  Art  281  as  to  the  awrage  specific  in^t^  'f 
among  minerals  of  metallic  and  unmetallic  lusJer  resi^ectively.  The  species  in  each  of  h« 
separate  lists  of  Table  I.  of  minerals  classified  with  reference  to  crystallization  an'nrni'.e^ 
according  to  ascending  iperific  gravities.  Hence  the  lists  give  at  a  glance  minenils  '*^ 
tinguished  by  both  low  and  high  density. 
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IV.  LUSTER.     (See  Art.  S88,  p.  188.) 

Metallic. — ^NatiTe  metals;  most  Sulphides;  some  Oxides,  those  contaiuing  iron,  man- 
ganese, lead.  etc. 

Submetallic. — Here  belong  chiefly  certain  iron  compounds,  as  Ilmenite;  Ilvaite; 
Columbite;  Tantalite  (and  allied  species);  Wolframite,  etc.    Also  Uraninite,  etc. 

Adamantine. — (a)  Some  Jiard  minerals:  Diamond;  Corundum;  Cassiterite;  Zircon; 
Riuile,  (ft)  Many  compounds  of  lead,  also  of  silver,  copper,  mercury.  Thus,  Cerussite. 
Anajlesite,  Pbosgenite,  etc.;  Cerareyrile;  Cuprite;  some  Cinnabar,  etc.  {e)  Also  certain 
varieties  of  Sphalerite.  Titanite  and  Octahed rite. 

MetallioAdamantine. — Pyrargyrite;  some  yarietlesof  the  following:  Cuprite,  Cerussite, 
Octabedrite,  Rutile. 

Resinous  or  Wascy.— Sphalerite;  Elaeolite;  many  Phosphates. 

Vitreous.— > Quartz  and  many  Silicates,  as  Garnet,  Beryl. 

Pearly. — The  foliated  species:  Talc,  Brucite,  Pyrophyllite.  Also  (on  cleavage  suifaces) 
conspicuously  tbe  following:  Apopbyllite,  Stilbite,  Heulandite.  Also,  less  prominent:  Barite; 
Celestite;  some  Feldspar,  and  others. 

Silky. — Some  fibrous  minerals,  as  Gypsum,  Calcite;  also  Asbestus. 

V.  COLOR 

The  following  lists  may  be  of  some  use  in  the  way  of  suggestion.  It  Is  to  be  noted, 
however,  tbat  especially  In  tbe  cuse  of  metallic  minerals  a  slight  surface  cbanc^e  may  alter 
the  effect  of  color.  Further,  among  minerals  of  unmetallic  luster  particularly,  no  sharp 
line  can  be  drawn  between  colors  slightly  different,  and  many  variations  of  shade  occur 
in  tbe  case  of  a  single  species.  For  these  reasons  no  lists,  unless  inconveniently  extended, 
cuuld  make  any  claim  to  completeness. 

(a)  Metai^lic  Lustbr. 

Silver^white,  Tin-white. — Native  silver;  Native  Antimony.  Arsenic  and  Tellurium; 
Amalgam;  Arsenopyrite  and  L5llingite:  several  sulphides,  arsenides,  etc.,  of  cobalt  or 
nickel,  as  Cobaltite  (reddish);  some  Tellurides.  No  sharp  line  can  be  drawn  between 
these  and  the  following  group. 

Steel-gray. — Platinum;  Manganite;  Chalcocite;  Sylvanite;  Bournonite. 

Blue-gray.  — Molybdenite. 

Lead-gray. — Many  sulphides,  as  Galena  (bluish);  Stibnite;  many  Sulpharsenites.  etc., 
as  Jameson ite,  Dufrenoysite,  etc. 

Iron-blaok.— Graphite;  Tetrahedrite;  Polybasite;  Stephanite;  Enargite;  Pyrolusite; 
Magnetite;  Hematite;  Pranklinite. 

Black  (with  submetallic  luster). — Ilmenite;  Limonite;  Columbite;  Tantalite,  etc.; 
Wolframite;  Ilvaite;  Uraninite,  etc.  The  following  are  usually  brownish  black:  Braunite; 
Hausmannite. 

Oopper-red. — Native  copper. 

Bronse-red.— Bomite  (quickly  tarnished) ;  Niccolite. 

Bronse-yellow. — Pyrrhotite  ;  Pentlandite ;  Breitbauptite. 

Brass-yellow.— Cbalcopyrite ;  Millerite  (bronze.)  Pale  brass-yellow:  Pyrite;  Mar- 
casite  (whiter  than  Pyrite). 

Oold-yellow.— Native  gold. 


Streak. — The  following  minerals  of  metallic  luster  axe  notable  for  the  color  of  their 
streak : 

CochineiU-red :  Pyrargyrite. 
Cherry-r^d:  Miargyritc. 
Dnll  Bed :  Hematite  (also  Cuprite). 
Searlet :  Cinnabar  (usually  unmetalUe^ 


068  APPENDIX   B. 

Dark  Brawn :  Manganite  ;  Frauklinite  ;  Chromite. 
TeUoto :  Limonite. 

Tamiflh.  —  The  following  are  conspicuous  for  their  bright  or  variegated  tarnish  - 
Boruite  ;  Chalcopyrite  ;  Tctrahedrite  ;  some  Limonite. 

{b)  Unmbtallic  Lubteb. 

Oolorless.— In  Crtbtai.8:  Quartz  :  Calcite;  Aragonite :  Gypsum  ;  Ceruasite  ;  Angles- 
ite  ;  Albile  ;  Barite  :  Adularia  ;  Topaz  ;  Apopbyllite  ;  l^atroHte  and  other  Zeolites ; 
Celestiie  ;  Diaspore  ;  Nepbelite  ;  Meionite  ;  Calamine  ;  Cryolite  ;  Phenacite,  etc. 

Mabsitb  :  Quartz  ;  Calcite  ;  Gypsum  :  Hyalite  (botryoidal). 

White.— Crystals  :  Amphibole  (tremolitu) ;  Pyroxene  (diopside,  usually  greenish). 

Massitb  ;  Calcite  ;  Milky  Quartz  ;  Feldspars,  especially  Albite  ;  Barite  ;  Cerussite ; 
Scapolite  ;  Talc  ;  Meerschaum  ;  Magnesite  ;  Kaolinite  ;  Amblygouite,  etc. 

Blue.— -Blackish  Blub:  Azurite  ;  CrocidoUte. 

Indioo-blue  :  Indicolite  (Tourmaline) ;  Vivianite. 

AzuRB-BLUB :  Lazulite  ;  Azurite  ;  Lapis  Lazuli ;  Tui-quois. 

Prussian-blub  :  Sapphire ;  Cyanite  ;  lolite  ;  Azurite  ;  Chalcanthite  and  many  cop- 
per compounds. 

Sky-blub,  Mountain-blub  :  Beryl ;  Celestite. 

Violet-blub  :  Amethyst ;  Fluorlte. 

Grebnish  Blub  :  Amazon-stone  ;  Chrysocolla  ;  Calamine  ;  Smithsonite  ;  some  Tur- 
quois ;  Beryl. 

Green.— -Blackish  Green  :  Epidote  ;  Serpentine  ;  Pyroxene  ;  Amphibole. 

Emerald-green  :  Beryl  (Emerald)  ;  Malachite  ;  Dioptase ;  Atacamite ;  and  macr 
otber  copper  compounds  ;  Spodumene  (hiddenite) ;  Pyroxene  (rare) ;  Gahuite  ;  Jadeiie 
and  Jnde. 

Bluish  Green  :  Beryl ;  Apatite ;  Fluorlte  :  Amazon-stone ;  Prehnite  ;  Calamine ; 
Smithsonite ;  Chrysocolla  ;  Chlorite  :  some  Turquois. 

Mountain  green  :  Beryl  (aquamariue) ;  Euclase. 

Apple-green  :  Talc  ;  Garnet  ;  Chrysoprase  ;  Willemite  ;  Gamferite ;  Pyrophyllite ; 
some  Muscovite  ;  Jadeite  and  Jade  ;  Pyrophyllite. 

Pistachio-green  :  Epidote. 

Grass-green  :  Pyromorphite  ;  Wavellite  :  Variscite  ;  Chrysobeiyl. 

Grayish  Green  :  Amphibole  and  Pyroxene,  many  common  kinds  ;  Jasper;  Jade. 

Tellow-grben  to  Oliye-grben  :  Beryl ;  Apatite  ;  Chrysoberyl ;  Chrysolite  (olive- 
green)  ;  Chlorite  :  Serpentine  ;  Titanite  ;  Datolite ;  Olivenite  ;  Vesuvianite. 

Yellow.— Sulphur- YELLOW  ;  Sulphur  ;  some  Vesuvianite. 

Orange- yellow  :  Orpiment ;  Wulfenite  ;  Mimelite. 

Straw  YELLOW,  also  Wine- yellow,  Wax-yellow  ;  Topaz  ;  Sulphur ;  Fluoiile ;  Can- 
crinite  ;  Wulfenite  ;  Vanadinite  ;  Willemite  ;  Calcite  ;  Barite ;  Chrysolite  ;  Chondrodite ; 
Titanite:  Datolite.  etc. 

Brownish  Yellow  :  Much  Sphalerite  ;  Siderite  ;  GOthite. 

OcHER- yellow  :  GOthite  ;  Yellow  ocher  (limonite). 

Red.— Ruby-red  :  Ruby  (corundum) ;  Ruby  spinel ;  much  Garnet ;  Proustite ;  Vans 
dinite  ;  Sphalerite  :  Chondrodite. 

Cochineal-red  :  Cuprite  ;  Cinnabar. 

H  yacinth-red.  —Zircon . 

Orangr-red:  Zincite. 

Orange- It  ED  to  aurora-red  :  Realgar  :  Wulfenite. 

Crimson-red  :  Tourmaline  (rubellite) ;  Spinel,  Fluorlte. 

Scarlet-red  :  Cinnabar. 

Brigk-red  :  Some  Hematite  (red  ocher). 

RosERED  to  Pink  :  Rose  quartz  ;  Rhodonite  ;  Rhodochrosite  ;  Erythrite  ;  some  Scapo- 
lite. Apopbyllite  and  Zoisite  :  Eudialyte  :  Petalite  ;  Margarita. 

Peach-blossom  Red  to  Lilac  :  Lepidolile  ;  Rubellitel 

Flbsh-red:  Some  Orthoclase  ;  Willemite  (the  variety  troostlte);  some  Chabazite;  Stil- 
bite  and  Heulandite  ;  Apatite  ;  rarely  Calcite  ;  Poly  halite. 

Brownish  Red  :  Jasper  ;  Limonite  ;  (jkirnet ;  Sphalerite  ;  Siderite  ;  Rutile. 
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Brown. —Rbddish  Brown  :  Some  Garnet ;  some  Sphalerite  ;  Staurolite  ;  Cassiterite  ; 
Rutile. 

Cl-ove- BROWN  :  Axinite  ;  Zircon  :  Pyromorphite. 

Y  ELLOwisH  Brown  :  Siderite  and  related  carbonates  ;  Sphalerite  ;  Jasper ;  Limonite  ; 
G&tbite  ;  Tourmaline  ;  Vesuvianite  ;  Cliondrodite  ;  Staurolite. 

Blackish  Brown  :  Titanite ;  some  Siderite  ;  Sphalerite. 

Smoky  Brown  :  Quartz. 

Black :  Tourmaline  ;  black  Garnet  (melauite) ;  some  Mica  (especially  biotite) ;  also 
»)me  Amphibole,  Pyroxene  and  Epidote  (these  are  mostly  greenish  or  brownish  black) ; 
further,  some  Sphalerite  and  some  kinds  of  Quartz  (varying  from  smoky  brown  to  black) ; 
also  Allanite ;  Samarskite.  Some  black  miuerals  with  submetallic  luster  are  mentioneii 
on  p.  488. 

Streak. — The  $treak  is  to  be  noted  in  the  case  of  some  minerals  with  unmetallic  luster.  Bf 
far  the  majority  have,  even  when  deeply  colored  in  the  mass  (e.g.  Tourmaline),  a  streak 
differing  but  little  from  white.    The  following  may  be  mentioned : 

O  RANGE- YSLLOW  ;  Ziuclte,  Crocoite. 

CocHiNBAL-RBD :  Pyrargyritc  and  Proustlte. 

Scarlet  RED :  Cinnabar. 

Brownish  red  :  Cuprjte  ;  Hematite. 

Brown  :  Limonite. 

The  sti-eak  of  the  various  copper,  green  and  blue  minerals,  as  Malachite,  Azurite,  eta* 
Is  about  the  same  as  the  color  of  the  mineral  itself,  though  often  a  little  paler. 
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Abbreviations,  4 
Absorption  of  light,  171 

biaxial  crystals,  218 
uniaxiai  crystals,  201 
Acicular  cxrstals,  142 
Acid  salts,  247 
Acids,  246 

Actino-electricity,  285 
Adamantine  luster,  188 
Aggregate  polarization,  228 
Aggregates,  crystalline,  142 

optical  properties,  228 
Airy's  spirals,  208 
Albite  law  (twinning),  181,  875 
Alkalies,  test  for,  2(» 
Alkaline  taste,  288 
Alliaceous  odor,  288 

Aluminium  (aluminum),  test  for,  258,  264 
Amalgam,  186,  187 
Amorphous  structure,  6, 148 
Amplitude  of  yibration,  162 
Amygdaloidal  structure,  148 
Analyzer,  177 
Analysis,  blowpipe.  256 

chemical,  252 

microchemical,  252 
Angle,  critical.  169 

of  eitinction,  211 

polarization,  175 
Angles,  measurement  of,  112 

of  dihezagonal  prisms,  86 
ditetragonal  prisms,  64 
isometric  forms,  42,  46,  49 
Anisometric  crystals,  192 
Anisotropic  crystals,  192 
Anomalies,  optical.  228 
Antimony,  teste  for,  259.  260,  261,  264 
Apatite  type,  71 

Arborescent  ftructure.  see  Dendritic,  148 
Argillaceous  odor,  288 
Arsenic  tests  for.  259,  260,  261,  264 
Artificial  minerals,  1,  252 
Asterism,  190,  470 
Astringent  taste,  288 
Asymmetric  group,  109 
Aiom,  289 
Atomic  weight,  240 
Axes,  crystallographic,  18,  22 


Axes,  ether,  208 

of  elasticity.  208 
optic,  207,  215 

dispersion  of,  210,  220 
Axial  angle,  optic,  209,  215 

measurement  of,  216 
figure,  199,  214 
planes  of  symmetry.  14 
ratio,  22 

B 

Barium,  test  for,  259,  264 
Basal  plane,  58,  67,  90,  100,  107 
projections,  26 

drawing  of,  558 
Base.  58,  67,  90, 100, 107 
Bases,  chemical.  246 
Basic  salte.  247 
Bayeno  twins,  129,  871 
Belonite,  140 
Bertrand  ocular,  211 
Beryl  type,  66 
Berylloid,  69 
Bevel,  Bevel ment,  87 
Biaxial  crystals,  192.  208 

examination  of,  210 
Binary  symmetry,  9 
Birefringence,  172,  197.  198,  512 

determination  of.  212 
Bisectrices,  208 

dispersion  of,  210,  222 
Bisectrix,  acute,  208 

negative,  217 

obtuse,  208 

positive,  217 
Bismuth,  test  for,  261,  264 
Bitter  taste,  288 
Bituminous  odor,  288 
Bivalent  element,  244 
Bladed  structure.  142 
Blebby  bead.  258 
Blowpipe.  256 
Borax,  use  of,  268 
Boron,  test  for,  259,  264 
Botryoidal  structure,  148 
Brachy-axis,  89. 106 
Brachydome,  91,  107 
Brachypinacoid.OO,  107 

571 
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Brachyprism,  91.  107 
Bracbypyramid,  92,  107 
Brazil  law  (twin).  127,  825 
Brewster's  law,  174 
Brittle  minerals.  154 
Bunsen  burner,  256 
Burner  for  blowpipe,  256 

C 

Cadmium,  test  for,  261,  265 
Calcite  type.  74         ^ 
Calcium,  test  for,  259,  265 
Calculation  of  angles,  90,  62,  68,  84  96, 
104,  109 
chemical  formula,  249 
Capillary  crystals.  143 
Carbonates,  test  for,  265 
Clarlsbad  twin,  129,  370 
Cbalcopyrite  type,  61 
C%auge  of  colors,  189 
Charcoal,  use  of,  257,  260 
Chemical  compound,  245 

composition  and  optical  charac* 
ters,  225 

elements,  239 

formula,  240 

mineralogy,  289 

reaction,  245 

symbol,  240 

tests,  254,  264 
Chlorides,  test  for,  265 
Chlorine,  test  for,  255,  259 
Chondrule,  421 
Chromium,  tests  for,  268,  265 
Circular  polarization,  178,  202 

imitated  by  mica  BectloD%  227 
Classification  of  minerals,  269 
Cleavage,  146 

basal,  147 

cubic,  147 

dodecahedral,  147 

octahedral,  147 

prismaiic,  147 

rhombohedral,  147 
Clino-axis.  96 
Clinodome,  101 
Clinobedral  group,  104 
Clinopinacoid,  100 
Clinoprism,  100 
Clinopyramid,  101 
Closed  form,  25 
Closed  tube,  259 
Cobalt,  test  for,  268,  265 

nitrate,  use  of,  258 
Cohesion,  146 
Color,  164,  186,  187 

complementary.  164,  178 
Columnar  structure,  142 
Combining  weight,  248 
Complementary  colors.  164,  178 
Composition-plane,  119 
Concentric  structure,  142 


Conchoidal  fracture.  152 
Conductivity,  for  electricity,  284 

heat,  282 
Conical  refraction,  207 
Conoscope,  181 

Constancy  of  crystal  angles,  7 
Contact  goniometer,  118 
Contact-twin,  120 
Cooling  taste,  288 

Copper,  tesU  for,  259,  262,  ^68,  266 
Copper  chloride,  test  for,  259 
Coralloidal  structure,  148 
Corrosion  forms,  151 
Cotangent  relation,  31 
Critical  angle,  169 
Crossed  dispersion,  228 
Crypto- crystal  line,  6,  143 
Crystal,  definition,  5 

dUtorted,  11,  188 

twin.  118 
Crystallites,  140 
Crystalline  aggregate,  6,  142 

structure,  6 
Crystallization,  systems  of,  18 
Crystal logeny,  5 
Crystallography,  5 
Cube,  34 
Cuprite  type,  50 
Curved  crystals  and  faces,  187 


DecrepiUtion.  258.  259 

Deltoid  dodecahedron,  48 

Dendrites,  143 

Dendritic  structure,  148 

Density,  156 

Description  of  species,  269 

Determination  of  mineraJs,  267 

Diagonal  prism,  67 

pyramid,  69 

Diamagnetic  minerals,  287 

Diamagnetism,  237 

Diametral  prism,  54.  90,  100,  108 
pyramid.  55 

Diaphaneity,  186 

Diathermancy,  288 

Dibasic  acid,  246 

Dichroic  crystals,  202 

Dichroism.  187,  201 

Dichroscope,  202 

Diffraction,  171 

Dihexagonal  prism,  67 

pyramid,  69 

Dimorphism,  251 

Dimorphous  compound,  251 

Diploid.  44 

Dispersion,  170 

of  bisectrices,  210,  232 

crossed.  228 

horizontal,  228 

Inclined,  222 

of  optic  axe?,  210,  229 
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Distorted  crystals,  11,  138 
Di tetragonal  prism,  55 

pyramid,  57 
DitrigODal  prism,  8d 
Divergent  structure,  142 
Dodecahedron,  34 

deltoid,  48 

dyakis,  44 

pentagonal,  48 

tetrahedral,  51 

rhombic.  34 
Domes,  26.  91,  100.  101,  107 
Double  refraction,  172 
Drawing  of  crystals,  547 
Drusy,  143 
Dyakis-dodecahedron,  44 

£ 

E.\rtby  fracture,  152 

Effervescence.  254 

Elasticity,  154 

axes  of  ligbt-,  208 

Elastic  minerals,  154 

Electricity,  284 

Electro-negative  elements,  242 
positive  elements,  242 

ElemenU,  angular,  96.  104,  110 
axial,  96.  104,  110 
chemical,  289.  240 
equivalence  of.  105 

Elliptically  polarized  light,  178 

Elongation,  negative  or  positive,  218 

Etinutiomorphous  forms,  50,  82 

Epoptic  figures.  219 

Etching,  149 

figures.  149 

Ether,  luminiferous,  160 

axes,  203.  208,  219,  220 

Even  fracture.  152 

Exfoliation.  258 

Expansion  by  heat,  282 

Extinction,  177,  210 

oblique,  211 
parallel,  211 

Extinction-angle,  211 

Extraordinary  ray,  194,  205 


Federow  mica- wedge,  218 

Feel.  238 

Fetid  odor,  238 

Fibrous  structure,  142 

Filiform,  148 

First  order  prisms,  58,  67 

pyramids,  54,  68 
Flame  coloration,  259 

oxidizing,  257 

reducing,  257 
Flexible,  154 
Flnorescence,  190 
Fluorides,  fluorine,  test  for,  260,  265 


Fluxes,  262 

Foliated  strticture,  142 

Forceps.  257,  258 

Form.  25 

Formula,  chemical,  240,  248 

calculation  of.  249 
Formulas  for  spherical  triangles,  82 
Fracture,  151 
Fundamental  form,  25 
Fusibility,  282,  258 

scale  of,  258 

G 

Galena  type.  88 

Gladstone  law,  169 

Glass,  optical  characters  of,  192,  228 

Glass  tubes,  257;  use  of,  259 

Gliding  planes,  147 

Glimmering  luster,  189 

Glistening  luster,  189 

Globular  structure,  143 

Globalites,  140 

Glowing,  258,  259 

Goniometer,  contact  or  hand,  112 
horizontal,  115 
reflecting,  112,  115 
theodolite.  117 

Granular  structure,  142 

Greasy  luster,  189 

Grouping,  molecular.  21 

parallel,  131,  132 

Gyroidal  forms.  50 


Habit,  crystal,  8 
Hackly  fracture,  152 
Hand  goniometer,  112 
Hard  minerals,  158 
Hardness,  152 
Heat,  231 

effect  on  optical  properties,  224 
Heavy  solutions,  158 
Hemihedral  forms,  17 
Hemimorphic  forms,  18 

groups.  59,  71,  95,  103 
Hexagonal  prisms,  67 

pyramids,  68 

symmetry.  10 

system.  65,  15 

trapezohedron,  74 
Hexakisoctahedron.  39 
Hexakistetrahedron,  49 
Hexoctahedron,  39 
Holohedral  forms,  17 
Horizontal  dispersion,  228 

priAms.  92 
*  projections,  26 

Horse-radish  odor.  238 
Houppes,  219 
Hour-glass  structure,  890 
Hydroxides,  246 
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IcosahedroD,  44,  47 
icositetrahedroD,  89 
Idiophauous  crystals,  319 
Impalpable  structure,  142 
ludicatrix,  196.  204 
Indices,  crystallographic,  24 

refractive,  168 
iDcidence,  augle  of,  164 
Incliued  dispersipu,  228 

bemibedrons,  47. 
InclusioDs,  189 
Inelastic  minerals,  154 
Insoluble  minerals,  255 
Interference  of  ligbt,  178,  177 

colore.  178.  177 

uniaxial  crystals,  198 
biaxial,  214 

figures,  uniaxial,  199 
Intumescence,  258 
lodvrite  type,  71 
Iridescence,  189 
Iron,  test  for,  268,  265 
Iron  cross.  124 
Isodiametric  crystals,  192 
Isodimorpbism,  251 
Isometric  crystals,  optical  properties*  193 

system,  88,  14 
Isomorpboua  group.  250 

mixtures,  251 
Isomorpbism,  250 


Jolly  balance.  157 


Klein  solution,  158 


Lamellar  polarization,  229 

structure,  142 
Lamp  for  blowpipe,  256 
Law  of  rational  indices,  25 
Lead,  test  for,  261.  262,  265 
Left-banded  crystal.  88.  825 

polarization,  179 
Light,  nature  of,  160 
Light-ray.  168 
Light-waves.  162 
LightYelocity,  relation  to  refractiye  index, 

168 
Lithium,  test  for,  259,  266 
Luster,  188 

M 

Macro-axis,  89,  106 
Macrodome.  91,  107 
Macropinncoid.  90,  107 
Macroprism.  91,  107 
Macropyramid.  92.  107 
Magnesium,  test  for.  258,  266 


Magnetic  minerals,  237 
Magnetism.  287 
Magnets,  natural.  237 
Malleable  minerals,  154 
Mam  miliary  structure,  143 
Manganese,  test  for,  268,  266 
Margarites,  140 
Manebacb  twin,  129,  871 
Mean-line,  208 

firet,  208 

second,  208 
Mercury,  test  for,  260,  266 

sulphide,  test  for,  260 
Metaeenic  twins,  121 
Mett^llicadamantine  luster,  189 
Metallic  luster,  188 
Metallic  pearly  luster,  189 
Metals.  241 

Mica  sections  superposed,  227 
Mica-wedge,  218 
Micaceous  structure,  142 
Microcoemic  salt,  «.  Salt  of  phosphorus,  261 
Microlites,  140 
Microsclerometer,  153 
Miller's  symbols,  24 

system.  124,  88 
Mimetic  crystals,  12 
Mineral,  artificial,  1,  252 
definition  of,  1 
Mineral  kingdom,  1 
Mineraloey,  science  of,  1,  2 
Models  of  crystals.  17 
Molecular  networks,  18 

structure,  5,  145 

weight,  244 
Molecule,  240,  5 

Molybdenum,  tesU  for,  260,  261,  263,  266 
Monad,  244 
Monobasic  acid,  246 
Monoclinic  crystals.  98 

optical  characters,  220 
examination  of,  220 
system,  98;  16 
Mossy  structure,  148 

N 

Natural  magnets,  287 
Naumann's  symbols.  24 
Negative  crystal,  209 

biaxial.  149 
uniaxial,  194,  197,  20! 

element,  242 

elongation,  218 
Nephelite  type.  78 
Neutral  salt,  247 
Network,  molecular,  18 
Newton's  rings.  174 
Nickel,  test  for,  268.  266 
Nicol  prism,  176 
Niobium,  test  for,  266 
Nitrates,  test  for.  266 
Nodular  structure,  143 
Non-metals,  241 
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Normal  angles,  28 

groups,  14,  88,  58,  66,  89,  99,  107 

salt,  347 
Nugget,  gold,  277 


Octahedron ,  84 

square,  55,  56 
Octant,  28 

Ocular,  Beitrand,  211 
Odor.  238 
Opalescence,  189 
Opaque,  186 
Opeu  tube,  260 

form,  25 
Optic  axes,  204,  207 

axis.  194 
Optical  anomalies,  228 

characters  of  crrstalliDe  aggregates, 

twin  crystals,  226 
effect  of  heat  upon,  224 

pressure  on,  228 
relation  to  chemical  com- 
position. 225 
Order,  prisms  and  pyramids  of  first  and  sec- 
ond,    53, 
54,66 ,  67 
third,  71 
rhombohedrons  of  second  and  third, 
80.81 
Ordinary  ray,  194,  205 
Ortho-axis,  98 
Orthodome.  100 
Orthopinacoid,  100 
Orihuprism,  100 
Orthopyramid,  101 
Orthorhombic  crystals,  89 

optical  examination, 
229 
system,  89;  16 
Oscillatory  combination,  186 
Oxides,  245 
Oxidizing  flame,  257 
Oxygen  ratio,  249 


Paragenic  twins,  121 
Parallel  extinction,  211 

grouping,  181,  182 
hemihedrons,  48 
Paramagnetic  minerals,  287 
Paramagnetism,  287 
Parameter,  28 
Paramorph,  258 
Paramorphism,  258 
Parting.  148 
Pearly  luster,  189 
Penetration-twin,  120 
Pentagonal  dodecahedron,  48 

•  tetrahedral,  I 

ioositetrahedron,  50 


Pentayalent  element,  244 

Percussion  figure,  149 

Pericliue  law  (twinning),  181,  875 

Periodic  law,  242 

Phanero-crystalline,  142 

Phenacite  type,  80 

Phosphates,  test  for,  255.  259 

Phosphorescence,  190,  259 

Phosphoric  acid,  test  for,  255,  259,  266 

Photo-electricity,  285 

Physical  characters,  145 

Piezoelectricity,  285 

Piuacoids,  20 

Plagihedral  group,  50 

Plane-polarized  light.  174 

Plane  of  polarization.  174 

Platinum  wire,  257,  262 

Play  of  colors,  189 

Plenchroic  halos,  219 

Pleochroism,  187 

Pleomorphism.  251 

Point  system,  19 

Polariscope,  177,  181 

Polarization,  174 

Polarization-brushes,  219 

-microscope,  188 
Polarized  light,  174 
Polarizer,  177 

Polysynthetic  twinning.  875 
Positiye  crystal,  biaxial,  209,  217 

uniaxial,  194,  197.  201 
element,  242 
elongation,  218 
Potassium,  test  for,  259,  266 
Pressure,  effect  on  optical  characters,  228 

figures,  149 
Primary  optic  axes.  207 
Principal  axis  or  plane  of  symmetry,  14 

section,  194 
Prisms,  26 

ditrigonal,  88 
hexagonal,  66.  67,  71 
horizontal,  92 
rhombic.  90 
tetragonal,  58 
third  order,  57,  71 
trigonal.  88 
Projection,  basal,  26,  568 

horizontal,  26,  558 
spherical,  27,  554 
drawing  of,  554 
Pseudo-hexagonal  crystals,  12,  127,  854 

-isometric  crystals,  229 
Pseudomorph,  144,  252 
Pseudomorphism,  252 
Pseudosymmetry,  12,  41,  122,  188,  226 
Pycnometer,  157 
Pyramid,  diametral,  55 
ditrigonal,  74 
hexagonal,  68,  69,  71 
rhombic,  92 
square.  55,  56.  59 
third  order.  59,  71 
trigonal,  88 
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Pyramid,  unit,  56 
Pyramidal  group,  69,  71 

bemibedrism,  60 

-beraimorphic  group,  61«  78 
Pyrite  type,  43 
Pyritobedml  group,  48 

symmetry,  48 
Pyritobedron.  43 
Pyro-electricity,  284 
PyrojipQOStics,  264 

Q 

^Quarter-undulation  mica  p]ate» 
■Quartz-wedge,  212 


Radbited  structure,  142 
Badical.  cbemical.  245 
lUiional  indices,  law  of,  25 
Heaction,  cbemical.  245 
Heaicents,  cbemical,  254 
Reducing  flame,  257 
lieduction  of  metals,  261 
Reflecting  goniometer.  112,  115 
Kefleciion  of  light,  164 
angle  of,  164 
Reflectometer,  180 
Refraction,  166 

double,  172 

strength  of,  173 
index  v.  Refractive  index 
Ref ractlye  equivalent,  169 
index,  166,  168 

jdetermination  of,  170, 180, 

200,  218 
relation  to  light  velocity, 
168 
indices,  principal,  168,  208 
Refractometer,  180 
Relief,  high  or  low,  170 
Reniform  structure.  148 
Resinous  luster.  188 
Keticulated  structure,  142,  148 
Rhombic  prism,  90 

pyramid.  92 
section,  875 
sphenoid,  96 
Rhombobedral  system,  16,  74 

of  Miller,  88 
Rhombohedralhemimorphic  group,  79 
Rbombohedron,  75,  80 
Right-handed  crystal,  88,  824 

polarization,  178 
Roasting,  261 
Rontgen  rays,  285 

8 

Baline  taste,  288 
Salt  of  phosphorus,  268 
Salts,  247 
Batu ration.  245 
Scale  of  fusibility,  258 


Scale  of  hardness.  152 
Scaleuohedron,  77 

tetragonal,  62 
Scbeelite  type,  59 
Schiller.  190 
Schillerization.  190 
Scleroracier,  152 
Second  order  prism,  67 

pyramid,  68 
rhombobedrou,  80 
Secondary  optic  axes,  207 

twinning,  122, 148 
Sectant,  28 
Sectile.  154 

Selenite>plate.  201,  218 
Selenium,  tests  for,  260,  261,  266 
Semi-metals,  241 
Semi  transparent,  186 
Separable.  142 
Shining  luster.  189 
Silica,  lest  for,  266 
Silky  luster,  189 

Silver,  test  for,  255.  261,  262,  266 
Soda,  use  of.  261,  262 
Sodium,  test  for.  259,  266 
Soft  minerals,  152 
Solubility  in  ncids.  254 
Solution-planes,  149 
Sonstadt  solution.  158 
Sound  waves.  161 
Specific  gravity,  156 

balance,  166,  157 

heat,  288 

refractive  power,  169 
Spectroscope,  170 
Spelter,  288 

Sphenoid.  62;  rhombic,  96 
Sphenoidal  group,  61,  96 
Spherical  projections,  27 

construction,  554 
triangles,  formulas,  82 
Spberulites.  228.  872 
Splendent  luster,  189 
Splintery  fracture,  152 
Square  prisms,  54,  59 

pyramids,  65,  56.  69 
Stalactitic  structure,  148 
Stauroscope,  181.  221 
Stelliiied  structure,  142 
Streak.  187  ^ 

Strength  of  double  refraction,  172,  197,  »w 

212 
Striations.  186 

Strike-figure  u.  Percussion-figure,  149 
Strontium,  test  for,  259, 266 
Sublimate,  260 
Subtranslucent,  186 
Subtransparent,  186 
Subvltreous,  188 
Sulphates,  test  for,  263 
Sulphides.  246,  266 
Sulpbcsalts,  248 

Sulphur,  test  for,  255.  360, 266       « 
Sulphurous  odor,  288 
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Swelling  up,  258 
Symbol,  chemical,  240 

crystallographic.  28 
Symmetrj,  8 

axis  of,  9 
center  of,  10 

exhibited  by  spherical  projec- 
tion, 20 
groups  of,  18 
planes  of,  0 
Synthesis,  mineral,  252 
System,  hexagonal,  65 
isometric,  88 
monoclinic,  08 
orthorhombic,  80 
rhombobedral,  74 
tetragonal,  58 
triclinic,  106 
Systems  of  crystallization,  18 


Tangent  relation,  31 

Tarnish,  190 

Taste,  288 

Tellurium,  tests  for,  260,  261«  267 

Tenacity,  154 

Test  paper,  256 

Tetartohedral  forms,  18 

groups,  51 ,  68 

Tetragonal  crystals,  58 

scaleuohedron,  62 
symmetry,  10 
system,  53;  15 
trapezohedron,  68 
trisoctahedron,  88 
tristetrahedron,  48 

Tetrahedral  group,  46, 51 

Tetrahedrite  type,  46 

Tetrahedron,  46 

Tetrahexahedron,  86 

Tetravalent  element,  244 

Theodolite  goniometer,  117 

Thermo-electricity,  285 

Third- order  prism,  59,  71 

pyramid,  59,  71 
rhombohedron,  81 

Thoulet  solution,  158 

Tin,  test  for,  261,  262,  267 

Titanium,  test  for,  264.  267 

Total  reflection,  169 
reflectometer,  180 

Tourmaline  type,  79 
tongs  .181 

Translucent,  186 

Transparency,  186 

Transparent,  186 

Trapezohedral  group,  68.  78,  82 

Trapezohedron,  88,  68,  74,  82 
hexagonal,  74 
tegtraonal,  68 
trigonal,  82 

Tribasic  acid,  244 

Trichitrf.  140 


Triclinic  crystals,  106 

optical  characters  of,  228 
division,  74 
system,  106 
symmetry,  9 
Trigonal  prism,  88 

pyramid,  88 
trapezohedron,  82 
trisoctahedron,  86 
tristetrahedron,  48 
Trigondodecahedron,  48 
Trigonotype  group,  74 
Trimorphous,  251 
Trisoctahedrous,  86,  88 
TH-rbombohedral  group,  80 
Tristetrabedrons,  48 
Trivalent  element.  244 
Truncate,  truncation,  85 
Tungsten,  test  for,  267 
Twin  crystals,  118 

drawing  of,  552 
optical  characters,  226 
Twinning  axis,  119 

plane,  119 
Twinning,  polysynthetic,  121 
repeated,  121 
secondary,  122,  148 


TJllmanite  type,  51 
Ultra-blue,  428 
Uneven  fracture,  152 
Uniaxial  crystals,  192 

optical  characters,  198 
examination,  197 
Unit  form.  25 

prism,  54,  90,  101,  107 

pyramid,  92,  101,  107 
Univalent  element,  244 
Unmetallic  luster,  188 
Uranium,  tests  for,  268,  264,  267 
Uralitization,  401 


^v  &1  enofi  Ojii^ 

Vanadium,  test  for,  268,  264,  267 

Velocity  of  light,  162 

relation  to  refractiye  in- 
dex, 168 
Vanadates.  112 
Vesicular  bead,  185 
Vibration-directions,  197,  208,  211 

relation  to  ether-axes,  211 
Vicinal  forms,  20,  41 
Vitreous  luster,  188 

W 

Water  of  crystallization,  248 
Water-waves,  161 
Wave-front,  163 
Wave-length,  162,  164 
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Waye-motioD,  161 
Waye-«urfaoe,  biaxial  ctystals,  204 
uniaxial  ciygtala,  194 
Waxy  luster.  89 
Westpbal  balance,  148 
White  light,  164 
WidmftnstAtten  lines,  281 
Wulfenite  type,  61 


Xraya,  280 


Zinc,  test  for,  961,  967 
Zircon  type,  68 
Zirconium,  test  for,  967 
Zirconoid,  57 
Zonal  equations,  99 
Zone,  26,  29 
Zone-axis,  26 
Zone-circle,  27 
Zone-qrmbol,  29 
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Aarite,  «.  Arite,  295 
Abriachanite,  404 
Acadialite,  458 
Acanthite,  290 
Acerdese,  v.  Manganlte 
Achmatite,  439 
Achroiie,  448 
Acmite,  891 

ActiDolite,  Actinote,  400 
Adamantine  spar,  883 
Adamine,  505 
Adamite,  505 
Adeliie.  502 

Adipocire,  v.  Hatchettite 
Adiilar,  Adularia,  872 
.Edulite.  442 
^giriiie,  891 
iEiririte,  391 
.f:girite-augite,  890 
^nigmatite,  405 
iEschynite.  493 
Agiilite.  480 
Agalmatolite,  466 
Agaric  mineral,  356 
Agate,  326 
Agate-iasper,  827 
Agricolitc,  419 
Agiiilarite,  269 
Aikiuite.  310 
Alabandin,  292 
Alabandite.  292 
Alabaster,  582 

Oriental,  356 
Alalite.  888 
Alaskaite,  308 
Alaun.  V.  Alum,  586 
Alaunstein,  587 
Albertit«,  545 
Alhite,  877 
Alexandrite,  84; 
Algodonite.  286 
Alisonite,  288 
Allactite,  Allaktit.  506 
Allagite.  896 
Alluuite.  440 
Allemontite,  275 


Allochroite,  417 

Alloclasite,  AUoklas,  304 

Allopalladium,  281 

Allophane,  483 

Almandine,  Almandite,  416; 
338 

Alshedite,  486 

Alston  ite,  v.  Bromlite,  862 

Altaite.  288 

Alum,  535 

Alumian,  580 

Alumina,  338 

Aluminateb,  387  et  seq. 

Alumiuite,  587 

Aluminium  borate,  518 
carbonate,  866, 
chloride,  321 
fluorides.  321,  828 
hydrates,  348,  851 
mellate,  542 
oxide,  838,  348.  351 
phosphates,  506,  510,  etc, 
silicates.  481.   482,    483, 
434.  481,  482,  488,  «<c. 
sulphates.  528,  580,  585. 
587 

Aluminium  ore,  851 

Alumstoue.  587 

Alunile.  537 

Alunogen,  585 

Alurgite,  470 

Amalgam,  279 

Amarantite,  586 

Amazon  ite,  874 

Amazonstone,  874 

Amber.  543;  276 

Amblygonite,  508 

Amblystefite,  386 

Amesite.  475 

Amethyst,  826 
Oriental,  888 

Amianthus,  401, 477 

Ammiolite,  516 

Ammonium,  carbonate,  864 
chloride.  819 
oxalate,  542 
pho5«phates.  510.  etc, 
sulphates,  528,  etc. 


Amphibole,  399 
Ahfhibole  Group,  397 
Amphibo]e-anthophyllite,401 
Amphigdne,  381 
Amphodelite,  380 
Analcime,  460 
Analcite,  460 
Anatase.  346 
Andalusite,  432 
Andesine,  379 
Ai\dor{te.  308 
Andradite,  417 
Andrewsite,  514 
Anfflesite.  527 
Anhydrite,  528 
Animikite,  286 
Ankerite,  858 
Annabergite.  509 
AnnerOdite,  498 
Annite,  470 
Anomite.  468 
Anorthite,  880 

Anorthoclase,  Anorthose,  874 
Antbophyllite,  398 

Hydrous.  898 
Anthracite,  546 
Antigorite,  477 
Antimonarsen,  v,  Allemontite 
Antimonates,  516 
Antimonblende,  305 
Antimonglanz.  283 
Antimonides,  296.  eU. 
Antimonite,  283 
AwTiMoiaTBS,  516 
An timon nickel,  296 
Autimonsilber,  286 
Antimonsilberblende,  311 
Antimony,  Arsenical,  275 

Gray,  288 

Native,  275 

Red.  V.  Kermesite 

White,  330 
Antimony  oxides,  830 

oxvsulphide,  805 

sulphide,  288.  284 
Antimonblende.  v.  Kermesite 
Antimony  glance.  283 
Antlerite,  580 
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Apatite,  497 

Aphandse,  Apbanesite,  606 
Aphrite.  855 
Apbrizite,  448 
Apbrosiderite,  475 
Aphtbalose,  538 
Apbthitalite.  528 
Apiobnite,  687 
Aplome.  417 
Apopbyllite,  452 
Apotome,  526 
Aquamarine.  406 
ArsBozeue,  505 
Aragonite,  861 
Arcanite,  523 
ArdeDDite,  445 
Arendalite,  489 
ArfvedsoDite,  405 
Argentine,  855 
Argentite.  288 

Argentobismutite, «.  Matiltide 
Argyrodite,  816 
Arite.  205 
Ai'knnsite,  847 
Arquerite,  279 

Arragonite,  v,  Aragonite,  861 
Arbknatbs.  494 
Arsenic,  274 

Antimonial,  275 

Native.  274 

Wbite,  380 
Arsenic  oxide,  380 

sulpbide.  282 
Arbbnides,  285 
Arsenikaikies,  308 
Arsenikkies,  808 
Arseniopleite,  507 
Arseniosiderite,  506 
Arsenkies,  308 
Arsenolite.  830 
Arsenopyrite,  308 
Arsensilberblende,  8tl 
Asbestos,  Asbestus,  401,  477 

Blue,  404 
Asbolan,  852 
Asbolite,  852 
Ascbarite,  519 
Asmaiiite,  328 
Asparagus-stone,  498 
Aspasiolite,  408 
Asphaltum.  545 
Asteria,  383 
Asteriated  quartz,  826 

snppbire.  838 
Astrakanite,  535 
Astropbyllite,  487 
Atacamite,  322 
Atelestite,  507 
Atopite,  516 
Attacolite,  518 
Auerlite,  480 
Augelite.  518 
Augiie.  390 
Auralite,  408 


Auricbalcite.  866 
Auripignientum,  288 
Auturoolite,  839 
Autunite.  515 
Aveuturiue  feldspar,  878 

quartz,  826 
Az-8tone,  894 
Axinite,  441 
Awaruite,  281 
Azurite,  865 

B 

Babingtouite,  896 

Baddeleyite,  346 

Bagrationite,  489 

Bnikalite.  389 

Balas  ruby,  888 

BaUimorite,  477 

Bam  lite,  484 

Baricalcite.  856 

Barite,  524 

Barium  carbonate,  862,  884 

nitrate,  517 

silicate,  873. 881,408,454, 
456,  460.  etc. 

sulpbate.  524 
Bariumuranit,  515 
Barkevikite,  405 
Bnrrandite,  510 
Baraowite,  431 
Barylite.  408 
Barysilite,  408 
Baryt,  Barytes,  524 
Baryta,  v.  Barium 
Baryta-feldspar,  378,  881 
Barytocalcite,  364 
Baryturanit,  515 
Basanite,  327 
Bastite.  386 

Bastnasite,  Bastnaesite,  364 
Batbvillite,  548 
Batracbite,  422 
Bauxite,  350 
Bayldonite,  511 
Beuumontite,  454 
Beauxite,  350 
Bechilite,  521 
Beegerite.  314 
Beilstein,  «.  Nepbrlte 
Bell-meUl  ore.  315 
Belonesite.  542 
Bementite,  484 
Berauuite.  513 
Bergainaskite,  402 
Bergblau,  v.  Azurite 
Bergkrystall,  v.  Quartz 
Bergholz,  401 
Bergleder,  401 
Bergmanuite.  461 
Bergmebl,  356 
Bergmilcb,  356 
BergOl.  544 
Bergpecb,  545 


Bergsalz,  818 

Bergseife,  482 

Bergtbeer.  v.  Pittasphalt,  544 

Berlinite,  513 

Bernstein,  543 

Bertbierite,  308 

Bertrandite,  446 

Beryl.  405 

Beryllium  aluminate,  342 

borate,  518 

phosp!iate,  508 

silicate.    405,   407,   423, 
486.  446 
Beryllonite,  496 
Berzeliauite.  289 
Berzeliite,  495 
Beudantite,  516 
Beyricbite.  295 
Bieberite,  534 
Bildstein.  «.  AgalmatoUte 
Bindbeimite.  516 
Binuite,  308 
Biotina,  Biotine,  881 
Biotitc,  467 
Biscbofiiie,  823 
Bismite,  830 
Bismuth,  Native,  275 
Bismuth  arsenate,  507 

carbonate.  364.  867 

oxide,  330 

oxy chloride,  322 

selenide,  284 

silicate,  414 

sulpbide.  284 

tellurate.  538 

telluride,  284 

tiranatc,  515 

vanadate,  496 
Bismuth  glance,  284 
Bismuth  gold,  276 
Bismuth  ocber.  330 
Bismutbinite,  284 
Bismutite.  367 
Bismutosmaltite,  302 
Bismutosphserite,  364 
Bittersalz,  v.  Epsomite 
Bitter    spar,    Bitterspalh,  « 

Dolomite 
Bitumen,  544.  545 
Bituminous  coal,  546 
Bixbyite,  843 
Bielkite.  309 
Black  jack.  291 
Black  lead.  278 
Blftttertellur.    v,  Nagyagite, 

805 
Blaueisenerde,  v.  Vivianite 
Blei.  Gediegen.  279 
Bleiantimonglanz,  807 
Bleiglauz,  287 
Bleini^re,  Bleinierite, «.  Bind 

heimite 
Bleischweif,  288 
Blcivitrol,  627 
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Blende.  891 
Bl5dite,  535 
BIcedite.  Bloedlte,  586 
Bloodstone,  826 
Blue  asbestus,  404 

iron  earth,  508 
-     jobn,  820 

malachite,  v.  Azurite 

vitriol.  584 
Bobierrfte,  508 
Boghead  cnnnel,  546 
Bog-iron  ore.  850 

manganese,  353 
Bole.  Bolus.  482 
Boleite.  822 
Bologna  stone.  525 
Boltonite.  422 
Bone- phosphate,  499 

turquoise,  512 
Bonsdorffite,  408 
Boort,  272 
Boracic  acid.  852 
Boracile.  518 
Borates.  518 
Borax.  520 
Borickite,  514 
Boric  acid.  852 
Bomite,  297 
Boron  hydrate,  852 

silicate.  481,  485 
Boron  II trocalcite,  5^ 
Bort,  272 
Bostonite,  478 
Botryogen,  587 
Botryolite,  486 
Bonlangerite.  309 
Bouruonite.  810 
Boussingaultite.  585 
Bowenite,  477 
Brack ebuschite,  505 
Bni£:ite.490 
Braiidisite,  471 
Biandtile,  507 
Hraiineisenstein,  850 
Binunile,  843 
Biaunkohle,  546 
Brannstein.  Grauer,  v.  Pyro- 

lusite 
Brazilian  pebble.  825 

eniei-ald,  448 

sapphire.  448 
Braziliie,  846 
Bredbergite,  417 
Breislakite,  402 
Breithauptite,  296 
Breunerite,  858 
Breunnerite.  358 
Brevicite.  461 
Brewsterite,  454 
Brittle  silver  ore,  814 
Brochantite,  580 
BiGggerite,  521 
Bromides,  819 
Bromlite»  862 


Bromyrite,  819 

Brougnartiue.  580 

Bronguiardite.  809 

Brouzite.  b85 

Brookite,  847 

Brown  coal,  546 
iron  ore,  850 
iron  stone.  850 
hematite.  850 
ocher,  350 
spar,  858 

Brucite.  851 

Brushite,  510 

Bucholzite.  484 

Bucklandite.  489.  440 

Buhrstone.  327 

Bunsenite,  832 

Buntkupfcrerz.  297 

Buri*stone,  327 

Bushmauite,  585 

Bustamite,  896 

Buttermilcherz,  819 

Byssolite,  401 

Bytownite,  879 


Cabreite,  509 
Cacholong.  829 
Cacoxenite.  Cacoxene,  518 
Cadmia,  447 
Cadmium  sulphide,  294 
Cadmium  blende,  u.  Green- 

ockite,  294 
Caesium  silicate.  882 
Cainosite.  v,  Cenosite.  488 
Cairngorm  stone,  326 
Caking  coal.  546 
Calamine.  446;  860 
Calaverite,  805 
Calc  sinter,  856 

spar.  854 

tufa,  356 
Calcioferrite.  514 
Calciostrontianite.  868 
Calciovolborthite.  505 
Calcite,  854 
Calcium  arsenate.  510,  etc. 

antimonate,  516 

borate.  519.  520,  etc, 

carbonate,  354,  861 

chloride,  321 

fluoride,  820 

iodate,  517 

molybdate,  641 

niobato,  489,  etc. 

nitrate.  517 

oxalate.  5^ 

oxy fluoride.  322 

phosphate,  497,  607,  510, 
etc. 

silicate.  895,  380.  etc. 

sulphate.  528,  631.  etc. 

sulphide,  292 


Calcium  tantalate,  489 

titanate.  485.  487 

tungstate,  540 
Calc'lonite,  530 
Callainite,  Callais,  510 
Calomel.  817 
Campylite,  500 
Canaanite,  889 
Cancrinite,  411 
Canfleldite.  816 
Cannel  coal.  546 
Caoutchouc.  Mineral.  645 
Capillary  pyrites.  295 
Caporcianiie,  457 
Cappelenite.  407 
Caracolite,  530 
Carbon,  272 
Carbonado,  272 
Carbonates.  858 
Carmlnite.  496 
Carminspath,  496 
Carnalllte,  323 
Carneliau.  326 
Carneol,  v.  Carneliau 
Carpholite,  447 
Carphosiderite.  586 
Carrollile,  297 
Caryiuite.  495 
Caryocerite.  407 
Caryopilite.  484 
Cassiterite,  344 
Castauitc,  536 
Castor,  Castorite,  369 
Caswellite.  469 
Catapleiite,  407 
Cataspilite.  408 
Cat's  eye,  342,  826 
Cauk,  Cawk.  525 
Celadouite,  481 
Celestine,  526 
Celeslite,  526 
Celsian.  381 
Cenosite,  483 
Cerargyrite,  319 
Cerite,  447 
Cerium  carbonate,  864 

fluoride,  821.  822 

niobates.  489 

phosphates,  495.  509 

silicates.  440  447.487.0to. 
Cenissite,  Cerusite,  363 
Cervantite,  330 
Ceylauite,  Ceylonite,  888 
Chabasie,  458 
Chabazite,  458 
Chalcauthite.  584 
Chalcedony,  326 
Chalcocite,  290 
Chalcodite,  476 
Chalcomeuite,  538 
Chalcophanite,  352 
Chalcophyllite.  511 
Chalcopyrite.  297 
Chalcosiderite,  514 
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Chalcosine,  290 
Chalcostlbite.  808 
Chalcotrichite,  381 
Chalk,  856 

Freuch.  479 
Cbaljbite,  869 
Chainoisfte.  Chamosite,  476 
Cbatbamite,  801 
Obemawinite,  648 
Chenevfxite,  514 
Cbert,  827 
Cbessy  copper,  866 
Cbe88>lite,  866 
Chesteilite,  874 
Cbiastolite.  488 
ChildreDite.  518 
Chileoite,  286 
Cbiolite,  821 
CbWiatite,  807 
Cbladnite.  884 
Ohioanthite.  801 
Oblonflluminite,  8Sfl 
Oblor-apatite,  498 
Oblorhlei,  v.  Cotunuite 
Chlorjdes,  817 
Chlorite,  472 
Chlobitb  Group,  472 
Chloritoid,  471 
Chloritapath,  471 
Chlorocaldte,  821 
Cbloromug  teaite,  321 
Cbloromeiauite,  894 
Cbloropal,  484 
Cblorophaeite,  476 
Chlorophaoe,  820 
Chlorophyllite.  408 
Cblorquecksilber,  817 
Cblorospine),  888 
Chlorsllber  t>.  Cerargyrite 
Choudrarsenite,  605 
Choudrodite,  448 
ChrismatiDe,  Chrismatite,  648 
Christianite,  881 
Cbristobalite,  828 
Christophite.  291 
Chrgmatbs,  629,  etc. 
Chrome  diopside,  889 
Chrome  spinel,  838 
ChromeisensteiD,  «.  Chromlte 
Chromic  Iron,  841 
Chromlte,  841 
Chromium  oxide,  841 

sulphate,  687 

sulphide,  297 
Clirysoberyl,  842 
Cbrysocolfa,  483 
Chrysolite.  420 
Chbtsolite  Group,  419 
Chrysopraae,  826 
•Chrysotile.  477 
Churchite,  509 
-Cimolite,  482 
•CiDDabar,  298 

Inflammable,  644 


Cinnamon-stone,  416 

Cirrolite.  506 

Citrine,  826 

Clarite,  816 

Claudetite,  380 

Clausthalite.  288 

Clay,  481  ei  ug. 

Clay  iron-stone,  885 
Brown,  850 

Cleayeiandite,  878 

Cleiophane,  292 

Cleveiie.  521 

Cliftouiie.  273 

Clinochlore,  478 

Cliuoclase.  506 

Clinoclasite.  505 

Cliuobedrite.  447 

Clinohumite,  443 

Clintouite,  471 

Cliktokitb  Group,  470 

Clinozoisite,  489 

Coal.  Mineral,  545.  646 

Cobalt  arsenate.  607.  509 
carbonate,  861,  867 
arsenide,   801,   802,  803, 

804 
selenite.  538 
sulph-arsenide,  801 
sulphate.  584 

Cobalt  sulphide,  801 

Cobalt  bloom,  509 

Cobalt  glance,  «.  Cobaltite 

Cobaltine,  801 

Cobaltite.  301 

Cobaltomenite,  588 

Coccolite,  389 

Coelestine.  626 

Coeruleolactite,  518 

Cohenite,  281 

Coke.  546 

Colemauite,  519 

COlestiue,  v.  Celestite 

Collophanite.  507 

CoUyrite,  483 

Colophonite.  417,  428 

Coloradoite,  292 

COLUMBATES,    V,    NiOBATBB, 

489 
Columbite.  490 
Comptonite,  468 
Confolensite,  482 
Conichalcile.  511 
Connarite.  480 
Connellite.  680 
Cookeite,  467 
Copal.  Fossil,  543 
Copaliue,  Copalite,  548 
Copiapite.  536 
Copper,  278 

Emerald,  v.  Dioptase,  424 

Gray.  812 

Indigo,  V.  Covellite,  294 

Native,  278 

Red,  «.  Cuprite,  830 


Copper,  Vitreous,  v.  Chalco- 
cite,  290 
Yellow,  297 
Copper  arsenate,  504, 505, 511, 

arsenide,  286 
carbonate.  364,  365 
chloride.  317.  322,  323 
raangauate,  848 
iodide.  317.  819 
nitrate,  517 
oxides,  881,  832 
oxychlorides,  322,  328 
phosphates.  504,  511,  e^ 
selenides,  289 
selenite,  588 
silicates,  424,  483 
sulphantimonutc.  315 
sulphautimouites,  308  (t 

sulpharsenates,  815 
sulpharseuite.  308,  etc. 
sulphates.  528.  530;  by. 

drous,  534  et  Mq. 
sulphides,  290.  294.  297  et 

sulpbo-bismuthites,  808 

tungstate,  541 

yanadates.  505 
Copper  glance,  290 
Copper  mica,  515 
Copper  nickel.  295 
Copper  pyrites.  297 
Copper  uranite.  516 
Copper  vitriol.  534 
Copperas,  584 
Coprolites,  499 
Coquimbite,  535 
Cordierile,  407 
Cornwallite.  511 
Corundophilite,  475 
Corundum,  883 
Corynite.  302 
Cosalite.  809 
Cossyrile,  405 
Cotunnite,  821 
Couserauite.  426 
Covellite.  Covelline,  294 
Crednedte,  843 
Crichtonite,  837 
Cristobalite,  328 
Crocalite,  462 
Crocidolite.  404 
Crocoite,  Crocoisite,  529 
Cromfordite.  v.  Phosgenite 
Cronstedtite,  475 
Crookesite,  289 
Crossite,  405 
Cryolite,  821 
Cryophyllite.  467 
Cryptolite.  495 
Cryptoperthite.  878 
Cuban.  297 
Cuban  ite,  297 
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Cube  ore,  v.  Pbnrmncosider- 

ile 
Cn\)e  spar,  9.  Anhydrite 
Ciilsageeile,  470 
I'liiueogite,  822 
C'limmiugtonite,  401 
Cuprite,  830 
Cuprobism utile,  307 
Cuproiiescloizite,  505 
I  iiproiodargyrite.  819 
Cuproplumbile,  288 
Cuproscheelite,  541 
CuprotuDgstite,  541 
Cuspidine,  441 
I'v unite,  484 
C'yanochroite,  585 
CvHuotrichite,  586 
cVclopite,  880 
('}  lindrite,  316 
Cymatolite.  893 
( ymophane,  342 
Cyprine,  428 
(  vpnisite,  537 
Cyrtollle,  480 

D 

DahlHlc.  499 

Dumourite,  465 

Daimite,  804 

Daiialite,  414 

Danbarite,  431 

D.innemorite,  401 

Darapskite,  517 

Datbolite.  485 

Datolite,  Datolilh,  435 

Daubreeite,  Daubreite,  822 

Daubreelite,  2fi|7 

I)avidsonile,  406 

Daviesite.  823 

Davyne,  Davina.  411 

Dawsonile,  866 

Decheulte,  505 

Delessite,  475 

Delphinite."  489 

Delvauxite,  Dclvauxene.  518 

Demanl,  v.  Diamond,  271 

Deinantoid.  417 

Derbylite,  516 

Derbyshire  spnr,  820 

Descloizite,  605 

Desmine,  456 

Dt'stinezite,  516 

Dewal quite,  445 

Dewey  lite,  479 

Diabantite,  475 

Diadochite.  516 

Diallage,  889 

Diallogite,  Dialogite,  859 

Diamant.  271 

Diamond,  271 

Diamond,      Bristol,       Lake 

George.  825 
Diauite,  491 


Diaphorite,  809 
Diaspore,  348 
Diatomite,  829 
Dichroite,  407 
Dickinsonite,  507 
Dietrichite.  585 
Dietzeite,  517 
Dihydrite.  506 
Dlopside.  388 
Dioptase.  424 
Dipyre,  426 
Disterrite,  471 
Distbene.  434 
Dog-tootli  spar,  855 
Dolerophanite,  530 
Dolomite,  857 
Domeykite,  286 
Domingite.  308 
Doppelspath,  855 
Dopplerite.  644 
Double-refracting  spar,  855 
Douglasite,  328 
Dreclite,  525 
Dry-bone,  860 
Dudleylte,  476 
Dufrenite,  506 
Dufrenoysite.  809 
Dumortierite,  449 
Durangite,  503 
Durdenite,  588 
Dysjinalyte,  488 
Dyscrasite,  286 
Dyslnite.  889 
Dysodile,  544 
Dyssnite,  896 
Dysynlribite,  410,  466 


Ecdemite,  516  , 
Ecume  de  Mer,  480 
Edelite,  442 
Edenite.  402 
Ediiigtonitc.  460 
Egenin.  428 
Ehlite.  505 
Eichwaldite,  518 
Eisen.  «.   Iron,  281 
Eisenblau,  u.  Vivianite 
Eisenbltlthe,  361 
Eisen  glanz,  834 
Eisenglimmer,  385 
Eisenkies,  300.  308 
Eisenuickelkies,  298 
Eisenplatin,  280 
Eisen rahm,  385 
Eisen  rosen,  835 
Eisen spath,  359 
Eisenstassfurtite,  519 
Eisspath,  372 
Eisstein.  821 
Ekdemite,  516 
Elffiolite.  410 
Elateiite,  545 


Electrum,  276,  543 
Elements.  271  etseg, 
Eleolite,  410 
Eleouorite,  513 
Elpidite.  407 
Embolite,  819 
Embrithite.  809 
Emerald.  406 
Oriental,  406 
Urulian.  418 
Emerald  copper,  v.  Dioptase, 

424 
Emerald  nickel.  367 
Emery,  833 
Emmonsite,  588 
Emplectite,  Eujplektit,  808 
Enargite,  815 
Eudelliouite,  v.  Bouruonite, 

810 
Endlichite,  501 
Enstatite.  884 
Eosphorite,  514 
Epiboulaugcrite,  815 
Epicblorite,  475 
Epididymite.  869 
Epidote  Group,  487 
Epidote,  488 
Epigenite,  315 
Epistilbite.  454 
Epsom  salt.  538 
Epsomite,  583 
Erbium  niobate.  490,  498 
Erbsenstein,  856 
Erdkobalt,  v.  Asbolite 
ErdOI,  544 
Erdpech,  645 
Erdwachs,  543 
Erinite,  505 
Erul>escite,  297 
Erythrite,  509 
Erythrosiderite,  328 
Erythrozincite,  295 
Esmarkite,  408 
Essonite,  416 
Ftiringite,  638 
Eucairite,  289 
Euchroite,  511 
Euclase,  436 
Eucolite,  407 
Eucolitc-titanite,  486 
Eucryptite,  410 
Eudialyte.  407 
Eudidymite,  369 
Eudyalite,  407 
Eugenglanz.  314 
Eukairite.  289 
Euklas.  436 
Euly  tine,  414 
Eulytite,  414 
Eupyrcbroite,  498 
Euralite,  475 
Eusynrhite,  505 
Euxenite,  493 
Evansite,  518 


584 


INDEX   TO   SPECIES, 


Facellite,  410 
Fablerz.  Fahlore,  312 
Fiihlunite,  408 
Fttirfielditc,  507 
Falkt'Dlitiyiiite.  S12 
Fainalinite.  315 
Fiiserkiesel.  484 
Faserzeolith,  v.  Natrolite 
Fassaite,  890 
Fuujasiie,  460 
Fayalite.  422 

Feather-alum,  v.  Halotrichite 
Featlier-ore,  809 
Federera,  309 
Fei.dbpar  Group,  869 
Feldspar,  Baryta,  873,  881 

Bjue  V.  Lazulite 

Commou,  372 

Glassy,  372 

Labrador.  379 

Lime.  880 

Potash,  870.  873 

Soda.  877 
FelsObanyite.  537 
Felspar,  v.  Feldspar 
Fergusouitf,  490 
Ferrates.  387 
Ferrocnlcile,  356 
FerroiTOslarile.  583 
FtrroiiHtrite,  536 
Feuerblende  v.  Pyrostilpnite, 

312 
Fibroferrite.  536 
Fibioiite,  433 
^^chtelite,  543 
Fiedlerite,  322 
l<^llowite,  507 
Fiorite.  329 
Fire  opal.  329 

marble.  366 
Fireblende    c.  Pyrostilpnite, 

312 
Fiacherite.  512 
Flfiches  d'amour,  345 
Fliukite,  506 
Flint.  327 
Float-stone,  329 
Flos  ferri,  361 
Fluellite,  323 
Fluocerite,  322 
Fluor  V,  Fluorite, 
Fluor-apatite,  498 
Fluor  spar,  320 
Fluouides,  320  et  uq. 
Fluorite.  320 
Flussspalh,  320 
Foliated    tellurium  «.   Nag- 

yagite,  305 
Fontaltiebleau  limestone,  355 
Footeite.  323 
Foibesite,  510 
Forsterite,  422 


Fossil  copal,  548 

wood,  326.  o29 
Fouqueite,  439 
Fowlerile,  396 
Frauckeite.  816 
Francolite,  498 
Franklinite.  341 
Fraueneis,  c.  Seleuile 
Frauenglas.  v.  Mica 
Predriciie,  813 
Freibergite.  818 
Freieslebenite,  309 
Fi-euch  chalk,  479 
Prenzelite.  284 
Friedelite.  424 
Frieseiie.  290 
Fuchsite.  466 

G 

GndoHnite.  486 
Gnhuite,  839 
Galactite,  461 
Galnpectite,  482 
Galena.  Galenile.  287 
Galena,  False.  291 
Gnlenobismutite,  808 
Galmei.  446 
Ganomalite.  408 
Gnnopbyllite,  452 
Garnet,  415 

Cinnamon,  416 

Chrome.  417 

Grossular,  416 

Oriental,  416 

Precious,  416 

Tetrahedral,  «.  Helvite 

White,  V.  Leucite 
Garnierite,  479 
Gustaldite.  404 
Gay-Lussite,  866 
Gearksutite.  328 
Gedauite.  548 
Gedrite,  398 
Gehlenite,  427 
Geikielite.  488 
GekrOsstein,  528 
Gelbbleierz.  541 
Gelbeisenerz,  537 
Gelbeiseustein,  850 
Genthite,  479 
Geocerellite,  544 
Geocerite,  544 
Geocronite,  314 
Geomyricile,  544 
Gerhardtite,  517 
Geumanatbs.  816 
Gersdorffite,  302 
Geyerite,  308 
Geyserite,  829 
Gibbslte.  361 
Gieseckite.  410.  466 
Giguntolite.  408,  466 
Gilbertite,  4i6 


Gilsonite.  545 
Gips,  V.  Gvpsum 
Girattol,  329 
Gismondine,  457 
Gismondite,  457 
Glance  coal.  546 

Cobalt.  V.  Cobaltite 

Copper,  r.  Chalcocite 
Glanzeiseuerz.  335 
Glanzkoble,  546 
Glaserite.  v.  AphihiiHlite 
Qlaskopf,  Brauiitr.  850 

Bother,  v.  Uem'alite,  335 
Glassy  Feldspar.  872 
Glauber  salt,  531 
Glauberite,  523 
Glaucodot.  304 
Glaucolite.  426 
Glauconite,  481 
Glaucophane,  403 
Gluukodot.  304 
Glussite.  J^3 
Glimmer,  v.  Mica 
Globosite.  513 
Glockerite.  536 
Glucinum,  v.  Beryllium 
G melinite,  459 
Goethite.  849 
Gold,  275 

Gold  tellurides,  304,  805 
Goshenite,  406 
Goslarite.  583 
GOthile,  349 
Goyazite.  514 
Grahamite,  545 
Gramenite,  Gramiuite.  484 
Grammatite.  401 
Gmnnt,  v.  Garoet 
Graphic  tellurium.  804 
Graphite,  273 
Gray  antimony.  283 

copper,  812 
Green  lead  ore,  499 
Greenockite,  294 
Greenovite,  486 
Grenat.  «.  Garnet 
Griphite,  502 

Grossular.  Grossularite,  416 
Grdihite.  486 
GrQnauite.  296 
Granbleierz,  499 
GrClneisenerde,  v.  Pufrenite 
GrQuerite,  401 
Guadalcazarite,  292 
Guanajuatite.  284 
Guano,  499 
Guarinite,  487 
Guejarfte,  308 
Guitermanite.  310 
Gummierz.  522 
Gummite,  522 
Gymnite.  479 
Gypsum,  Gyps,  581 
Gyrolite,  452 
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flaarkies,  295,  303 
Haarsalz,  533 

Hii;iiiatite,  v.  Hematite,  334 
H^iidiugerite,  510 
Hair  salt,  533 
Halite,  318 
Hallile,  476 
Halloysite.  481 
Halotricbite,  535 
Haruartite,  364 
Hainbergite,  518 
HamliQile,  503 
Hauksite,  530 
Hannayite,  510 
Haplome.  417 
Harlequin  opal,  v.  Opal 
Harmotome,  456 
Ilarstigile.  442 
Hartite.  548 
Hastingsite,  402 
Hatchettine,  Hatcmettite,  543 
HatchettpHte,  489 
Hauchecornite,  295 
Hauerlte.  301 
Haugbtonite,  468 
Hausmannlte,  342 
Hautefeuiliite.  508 
Haayne,  412 
HaUynite,  412 
Haydenite.  458 
Heavy  spar,  524 
Hebronite,  508 
Hedenbergite,  389 
Hedypbaue,  501 
Heintzite.  520 
Heliopbyllite.  516 
Heliotrope.  326 
Helvite,  Helvine,  414 
Heinafibrite.  511 
HeiTiatite.  334 

Brown,  350 
Hcraatolite,  507 
Heniatostibiite,  507 
Hetuimorpbite,  446 
Henwooditc,  514 
Hepatic  cinnabar,  294 
Hercynite,  339 
Herderite,  503 
Herrengrundite,  536 
Herscbelite.  458 
Hessite.  289 
Hessonite,  416 
Heieroclin.  343 
Ueiilandite.  454 
Hielmite,  H  jelmit,  498 
Hieratite.  321 
Hiddenite.  393 
Hi gb gate  resin,  548 
iiimheerspatb,  359 
Hintzeitr.  520 
Hiortdablite.  396 
ilisiiigerite,  484 


Hoefcrile.  484 
Hceniesiie,  508 
Hobmaunite,  536 
Ilolzopal.  3*29 
Holzzinuerz,  344 
Homilite,  436 
Honey-stone,   Honigstein,   v. 

Mel  lite 
Hopeite.  507 
Horba(^bite.  296 
Horn  quicksilver,  317 
Horn  silver,  819 
Horiiblei.  v.  Pbosgenite 
Hornblende,  899.  402 
Hftrnesit.  Horiisilber,  819 
Hornstoue,  827 
Hofse-flesb  ore,  297 
Horsfordile,  286 
Hortonolite,  422 
Howlite,  519 
Huantajayite.  318 
Hobnerite,  539 
Hullite,  475 
Humboltine,  542 
Humboldtilite,  426 
Humboldtite.  436 
Humite.  443 
Huntilite.  286 
Hureaulile,  510 
Hyaeintb.  429;  416 
Hyalite,  829 
Hyalopbaue,  373 
Hyalosideriie,  420 
Hyalotekite,  408 
Hydrargillite.  351 
Hydraulic  limestone.  856 
Hydroboracite.  521 
Hydrocarbonb,  543 
Hydrocerussile,  366 
Hydrocyanite,  528 
Hydrofranklinite,  352 
Hydrogiobertite,  367 
Hydrobematite,  350 
Hydromagnesite,  367 
Hydromica.  465 
Hydromuscovite,  465 
Hydronepbelite,  463 
Hvdropbane,  829 
Hydropbilite,  321  . 
Hydrotalcite.  352 
Hydmzincite.  366 
Hyperstbene,  385 
Hypostilbite,  457 


Iberite.  408 
Ice,  831 
Ice  spar,  372 
Iceland  spar.  355 
Iddingsite   432 
Idocrase.  427 
Idrialiue,  Idrialite,  544 


IgelstrOmite,  352 
Ihleite,  535 
Ilesite,  533 
Ilmenite,  336 
Ilinenorutile,  345 
Ilvaite.  445 
Indianaite.  482 
Iiidianite.  380 
ludicolite.  448 
IiidigoHte.  448 
luesite.  452 

Inflammable  cinnabar,  644 
Infusorial  eartb.  829 
lodate  of  calcium,  517 
Iodides.  319 
lodobromite,  319 
lodyrite,  819 
lolite.  407 

,    Hydrous.  408 
fridiuin.  Native,  280 
Iridosmiue,  280 
Iron.  Chromic,  v,  Ohromite 

Magnetic,  339 

Meteoric.  281 

Native.  281 

Oligist.  V.  Hematite 
Iron  aluminatc,  339 

ai-senates,  508.  509,  etc. 

arsenides,  303 

carbide,  281 

carbonate,  359 

chforides,  321 

cbromate,  341 

columbate.  490 

ferrate.  339 

hydrates.  349,  350.  etc. 

niolmte.  490 

oxalate,  542 

oxide,  334.  339;  hydrated, 
849.  350 

phosphates,  506,  508.  510, 
etc. 

silicates.    422,   445,   475, 
476 

sulpbantimonite.  808 

sulpharsenidc.  303 

sulphates,  534,  535,  586, 
etc. 

sulphides,  293,  296,  300, 
303 

magnetic,  296 

tantalates.  490 

tellurite.  588 

titan  ates,  336.  348 

tungstates.  539,  542 
Iron  alum.  535 
Iron  natrolite.  461 
Iron  pyrites.  300.  303 

Magnetic.  296 

White,  803 
Iserine.  Iserite,  387 
Isoclasite,  511 
Itabirite.  838 
Itacolumite,  327 
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Jacobs! te,  341 
Jade,  893,  394.  401 
Ja(ie  leuncu,  394 
Jadeiie,  393 
Julpaite.  289 
Jauiesonite,  308 
Jargon,  429 
Jarosite,  587 
Jasper,  827 
Jaspopal,  329 
Jefferiuite,  476 
Jeffereonite,  890 
Jeremejeviie.  518 
Jet.  546 
Johannite.  588 
JobDsirupite,  487 
Jord  unite,  313 
Joseite.  285 
Josephioite,  281 

K 

Ulaersutite.  402 
Kainite  530 
Kakoxeii.  513 
Kaliborile.  520 
KalifeUlspatli,  v.  Orthoclase 
EaligliDimer,  464 
Kaliniie,  535 
Kaliophilite.  410 
Knlisiil|iet(r,  v.  Niter  * 
Knli< glimmer,  470 
Kalkspath.  354 
Ealluimnit,  515 
Kail  ait,  «.  Turquois 
Kanilite.  302 
Kalomel,  317 
Kaluszite,  534 
Kamacite,  281 
Kammererite,  474 
Kamarczite,  536 
Kammkies,  308 
Kampylite,  499 
Kaolin,  481 
Kaolin ite,  481 
Karminspath,  v.  Canninlte 
Karneol,  v,  Carnelian 
Karstenite,  v.  Anhydrite 
Karyinite,  49o 
Kataforite.  402 
Katzenauee,  t>.  Cat*s-eye 
Kaut^chuk,  fossiles,  545 
Kehoeiie,  514 
Keilliauite,  487 
Kelypliite.  418 
Kenlrolite,  446 
Kermes,  305 
Kennesile,  305 
Kerosene,  544* 
Kerrite,  476 
Kibdelophan,  887 
Kidnsy  ore,  835 
stone,  401 


Kieselwismutb,  414 
Eieselziukerz,  446 
Kieseritc.  581 
Killmckenite,  314 
Killiuite.  466 
Kierulfine.  502 
Klaprotholite,  307 
Klinoklas,  505 
Klinozoisit,  489 
Knebelite,  422 
Koopite    488 
Knoxvillite,  536 
KobaUblmhe.  509 
Kobaltglanz,  v.  Cobaltite 
Kobaltkies,  v.  Linnsite 
Kobaltspath,  t*.  Sphoerocobal- 

tite 
Kobellite,  309 
Koclisuiz,  r.  Halite 
Koettigite,  509 
Kohle.  545,  546 
Kohlenspath,  v.  Whewellite 
Koksliarovite,  402 
Kongsbergite,  279 
KOnigine,  KOnigitc.  530 
Koniuckite.  510 
Koppite,  489 
Kornerupine.  451 
Koniud.  V.  Corundum 
Kotschubeite,  478 
KOttigite.  509 
Krantzite,  548 
Kraurite,  506 
Kreittonite,  389 
Kremersite,  328 
Krennerite,  805 
Krisuvigite,  530 
KrObnkite.  586 
KrOnkite,  Kr5nnkite,  586 
Kryptopertliil,  373 
Kupfer,  V.  Copper 
Kupfemntimonglanz,  808 
Kupferblende,  813 
Kupferglanz,  v,  Chalcocite 
Kupferglimmer,    v.    Chalco- 

pbyllite 
Kupferindig.  294 
Kupferkies,  297 
Kupferlasur,  865 
Kupfemickel,  295 
Kupferschaum,  511 
Kupferuranit,  515 
Kupfervitriol,  584 
KupfTerite,  402 
Kyanite,  434 
Kyliudrite,  316 


Labrador  feldspar,  879 
Labradorite,  379 
Lagonite.  519 
Lam  pad  i  to.  352 
Lauarkite,  530 


L&ngbanite,  446 

Langbeinite,  523 

Langite,  586 

Lansfordite.  867 

Lantbauite,  366 

Lanthanum  carbonate,  366 

Lapis-lazuli,  418 

Larderellite,  519 

Lasurapatite.  498 

Laaurite,  418 

Latrobite.  880 

La u ban  ite,  457 

Laiimonite,  457 

Laumontite,  457 

Laurionite.  822 

Laurite.  802 

Lautarite,  517 

L&vcnite.  895 

Lavrotiite,  Lavrovite,  389 

Lawrenciie,  821 

Lawsonite,  447 

Lazulite.  506 

Lazurite.  413 

Lead.  279 

Black.  273 
Native,  279 
White,  «.  Cerussite 

Lead  antimonate.  516 
arsenates,  500 
carbonates,  363,  866 
chloride,  821,  322 
chloro-carbonates,  864 
chromates,  529 
dioxide,  346 
molybdate,  541 
oxides.  832,  343.  846 
oxychlo  rides,  822 
phosphate,  499 
selenides.  288,  289 
silicates,  408.  446 
sulphantimonate,  315 
sulphantimonites,808,  etc 
sulpharsenites.  308,  etc. 
sulphates,  627,  ete, 
sulphato-carbonate,  529 
sulphide,  287 
sulphobismuthites,    808, 

etc. 
telluride.  288 
tungstate,  541 
vanadates,  500,  50*5 

Lead  glance,  287 

Lead  vitriol,  v.  Anglesita 

Leadhillite,  529 

Lecontite,  531 

Ledererite,  459 

Lederite,  486 

Lebrbachite,  289 

Lenniliie,  476 

Leon  hard  ite,  467 

Leonite,  585 

Leopold  ite,  819 

Lepidolite.  467 

Lepidomelane.  470 
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Lepolite,  880 
Lettsomite,  536 
Leucaugite,  890 
Leuchtenbergite  478 
Leucite,  881 
Leucocbfalcite,  511 
Leucomanganile,  507 
Lt'ucopelrite,  544 
Leucophnnile.  407 
Leiicopyrite.  808 
Leucoxene.  887,  486 
Levyniie,  Levyne,  459 
Lewisite,  516 
Libelhenile,  504 
Liebenerite.  410.  466 
Lief)igiie,  867 
Lievrite,  445 
Lignite,  546 
Lilruriie,  486 
Liilianiie.  310 
Lime,  v.  Calcium 
Lime  uraniie,  515 
Limestone,  357 

Hydraulic,  857 

Magnesiau ,  858 
Limonite,  850 
Liimrite.  530 
Lindackerite,  516 
Linnieite,  297 
Liiisenkupfer,   «.  Liroconite. 

514 
Linsenerz, 
Lintouite,  462 
Liroconite,  614 
Liskeardite,  513 
Lithia  mica,  467 
Li tiiioij glimmer.  467 
Litiiiophilite.  496 
Lithium  pliosphates,  496,  503 

silicates,  393,  410,  407 
Litliograpliic  stone,  35ti 
Lilliomarge,  481 
Livingston ite,  307 
Loadstone,  Lodestone,  339 
Loeweile,  535 
Loewigite.  538 
LOllingite.  303 
Loraudite,  308 
Lossenite,  516 
Lftweite,  535 
Lowigite,  588 
Loxoclase,  372 
Luckitc.  584 
Ludlamite,  513 
Ludwigite,  518 
Lumacbelle,  356 
Lttneburgtte,  516 
Lussatite,  326 
Lutecite,  328 
Luzonite,  315 
Lydian  stone.  827 

M 

Mackintosbite.  437 


Made,  438 
Macon ite,  476 
Magnesioferrite,  341 
Mugnesite,  858 
Magnesium  aluminate,  888 

arsenate,  508 

borate,  510,  520 

carbonates,  858,  866,  867 

ferrate,  841 

fluoride,  821 

hydrate,  351 

molybdate.  542 

oxides.  831,  351 

pliosphales.  502,  508,  510 

silicates,    384.    885.   etc; 
419,  443,  476.  479,  480 

sulphates,  581,  533 

titanate,  488 
Magneteisenstein,  339 
Magnetic  iron  ore,  339 
Magnetic  pyrites,  296 
Magnetite,  339 
Maguetkies,  296 
Mflgnoferrite.  841 
Mat-ichile,  364 

Blue,  V.  Azurite 

Green.  364 
Mniacolite.  388 
Maiacon,  Malakou,430 
Muldonite,  276 
Mnliiiowskite,  313 
Mallarditc,  534 
Maltha,  544 
Manganatks,  837 
Manganandalusite.  433 
MjmiraiiMpHtiic,  498 
Maugaiil)lende,  292 
Manganbruciie.  351 
Manganciilorile,  474 
Manganepidoie.  440 
Manganese  antimonate,  507 

arsenates,  502,  505,  506. 
507 

carl)onate,  859 

oxides,  345 

disulphide.  301 

hydrates.  349,  351.  352 

niobale.  490 

oxides.  332.  342, 343,  345, 
347,  849,  851 

l)bosphate8,  496,  502.  507 

silicates,    395,   422,   484, 
etc. 

sulphates,  531,  534 

sulphide.  292,  301 

tantalate,  490 

titanate,  387 

tungstate,  539 
Manganglanz,  292 
Mangungrnnat,  v.  Spessartite 
Manganhedenbergite,  389 
Manganite,  349 
Manganmagnetite,  840 
Manganocalcite,  356,  360 


MauganocoUimbite,  491 
Man ganophyl lite,  468 
Mauganosiderite.  36Q 
Manganosite.  332 
Manganostibiite,  507 
Manganotantalite,  491 
Mangaupectolite.  895 
Manganspath,  859 
Mangantantalite,  492 
Marble.  856 

Verd-antique,  477 
Marcasite,  802 
Marceline,  848,  896 
Margarite  470 
Margarodite,  465 
Marialite.  426 
Marmatile,  291 
Marmolite,  477 
Marshitc,  317 
Martinite,  510 
Martite,  386 
Mascaffnite.  523 
MaskeTynite,  380- 
Mason  ite.  472 
Massicot,  332 
Masrite,  535 
Maiildite.  308 
Matlockile,  322 
Mauzeliite,  516 
Maxite.  529 
Mazapilite,  514 
Meerschaum,  480 
Melon  ite,  425 
Melacoliite,  382 
Melanasphalt, 
Melanglanz,  «S14 
Melanite.  417 
Mclanocerite,  407 
Metaiiophlogite,  328 
Melanotekite.  446 
Melanteinte,  534 
Melilite,  Mellilite.  426 
Melinophaue,  v.  Meliphanit© 
Melipbanite.  407 
Mellaieof  aluminium,  543 
Mellite,  542 
Melouite,  297 
Menaccanite.  386 
Mendipite,  322 
Mendozite,  535 
Meneerhinite,  313 
Men  il  ite,  329 
Meunige,  348 
Mercury.  279 

Horn,  817 

Native.  279 
Mercury  antimonite,  516 

chloride,  317 

selenidcs,  292 

sulphides,  292,  293 

sulpho-selenide,  292 

telluride.  292    ' 
Mercury  amalgam,  27r 
Meroxene,  468 
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Mcsitite.  Mcsituic.  359 
Mesitinspatii.  359 
M(s<»le.  t.  Tbomsonite 

Mesoiype.  463 
M<'»>elite,  507 
Mttabrusbite.  510 
Meiacinimbarile,  292 
Mel  list  ibutie,  284 
Meliivolline,  537 
Mi4eoric  iron,  281 
Mexican  ouyx,  356 
Miargyrite,  308 
Mica  Group,  463 
Mica.  Iron,  467,  470 

Lime,  470 

Lithia.  467 

Magnesia,  467,  469 

Potash.  464 

Soda,  467 

Vjiujidium,  470 
Micaceous  iron  ore,  885 
Michel-levyte,  525 
Microcliiie,  873 
Microcosniic  salt,  510 
Microlile.  489 
Microsommite,  411 
Microperthile,  873 
Microphyllite,  379 
Microplakile,  379 
Miersite,  319 
Miesite.  499 
Mikrokliu,  378 
Milarile,  369 
Milky  quartz,  326 
MllU-rile,  295 
Miiuetene.  Mimetesite,  600 
Mimeiite.  500 
Minerul  caoutchouc,  545 
Mineral  coal,  545 

oil,  544 

pitch,  545 

resin,  543 

tallow,  543 

tar,  V.  Pitt  asphalt 

wax,  543 
Minium,  343 
Mirabilile,  531 
Misenite,  530 
Mispickel,  303 
Misv.  536 
Mixite,  515 
Mizzoniie,  426 
Mod) a  si  one.  v.  Moss  agate 
Mock  lead,  291 
Molybdttnblcispath,  541 
Molybdanglanz,  285 

MOLYBDATES,  589 

Molybdenum  sulphide,  285 
trioxide,  830 
Molybdenite,  285 
Molybdic  ocher,  330 
Molybdite,  880 
Molybdomeuite,  538 


Molyslte,  321 
Mouazite.  495 
Monetite,  507 
Monheiniite,  360 
Mouiinolite,  496 
Monite,  507 
Monrolite,  434 
Moutaoite,  538 
Monticellite,  422 
Moutnioiillouitc,  482 
Moonstone,  372,  877 
Mordenite,  453 
Morenoisite,  538 
Morion,  32(^ 
Moroxite,  498 
Mosandrite,  487 
Moss  agate,  826 
Mottrainite,  505 
Mountain  cork,  401 

l«ither,  401 

soap,  482 

tallow,  543 

wood.  401 
Muller's  trlass,  329 
MuUicile,  508 
Mundic.  v,  Pyrite 
Murcbisonite,  372 
Muscovite.  464 
Muscovy  glass,  466 

N 

Nadeleisenerz,  v.  G5thite 
Nadelerz,  v.  Aikiuite 
NadelzeoHih,  461 
Nadorite,  016 
Nagyagite,  305 
Nail  head  spar,  855 
Nantokite,  317 
Xapalite,  H^ 
Naphtha,  544 
Native  Elements.  271 
Natrium,  c.  Sodium 
Nat  roborocal cite,  520 
Natrolite,  461 
Natron,  366 
Natronmikroklin,  374 
Natron  or  tboklas,  872 
Natiophilite.  496 
Naumanuite,  288 
Needle  ironstone,  349 
Needle  ore,  c  Aikinite 
Needle   zeolite,  «.  Natrolite, 

461 
Nemalite,  351 
Neotocite,  896,  484 
Nepheline.  409 
Nophelite,  409 
Nephrite,  894,  401,  477 
Neptunitc.  487 
Nes(iuehonite,  366 
Nevjanskite,  280 
Newberyite,  510 
NewtonUe,  482 


iNiccolite.  295 
Nickel  aniimonide,  296 

arsenates.  509 

arsenides,  2U5.  301,304 

carbonate.  367 

oxides,  332 

silicate,  479 

sulphaniimoulde,  303 

sulpbarscuide,  302,  3D4 

sulphate,  533 

sulphides,  293,  295,  ^6 

lelUiride.  297 
Nickel  telluride,  297 
Nicki'lantimouglanz,  c.  Ull- 

nmnnite 
Nickelarsenikglanz,  t.  Gcrs. 

dorffite 
Nickel-gymnite,  479 
Nickel-skutterudite,  302 
Nigrine,  345 
NiOBATES,  489 
Niter,  Nitre,  617 
Niter,  Soda.  577 
Nitrates,  517 
Nitiobarite,  517 
Nilrocalcite,  517 
Nitroglauberite,  517 
Nitroniagnesite,  517 
Nivenite,  521 
Nocerite,  322 
Noutronite,  484 
Nordenskioldine,  518 
Nordmarkiie.  450 
Northupite.  364 
Nosean,  Nosite,  413 
Noselite,  413 
Noumeite.  479 
Nugget.  277 
Nussierite,  499 


Ocher,  Brown,  350 

Red,  335 
Ochrolite,  616 
Octahedrite,  346 
Odontolite,  512 
(Eil  de  chat,  326 
(EllacheritcMee 
Oil.  Mineral,  544 
Oisanite,  439 
Okenite,  452 
Oldhamite,  292 
Oligist  iron  v.  Hematite, 
Oligoclase,  378 
Oligomite,  359 
Olivenerz,  504 
Olivenite.  504 
Olivine,  420 

Omphacite,  Omphazit,  389 
Oncosin,  465 
Onofrite,  292 
Onyx,  826 

Mexican,  356 
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Orivx  marble,  356 
0(>fite.  356 
Opal,  3-29 
Opal  jatsper,  329 
Opliiuilcite,  477 
Ophiolite,  477 
Ophite,  478 
Oiangite,  430 
Oiicirtal  alabaster,  856 

aiiietbvst,  333 

emerald.  333 

ruby,  333 

topaz,  833  -^ 

Orpiment,  282  ^ 

Ortbiie,  440 
Ortiioclaso,  370 
Oribose.  tJ.  Orlhoclase 
Osm elite,  395 
Osmiridium,  280 
(Kinium  sulpbtde,  302 
Osteolite,  498 
Oitrelite.  471 
Ouvarovite.  417 
Oweniie,  475 
Oxalates,  542 
Oxammite,  542 
Oxides,  324 

OXYrHLOIUUES,  324* 
OXYFUrORlDEB.  322 
OXYSILPIIIDES,  305 

Oznrkite,  462 
Ozjx-erile,  Ozokerit,  548 


Pacb oolite,  328 
P.iirodite,  466 
Paisbergite,  396 
Palladium,  Native,  281 
Paimbase,  v.  Telrahedrite 
Paiidermite,  520 
Paposite.  536 
Paraffin.  543 
Paragonite,  467 
Paralumiiiile,  537 
Paramelaconite,  332 
l^irasiie,  519 
Par!,^aaite,  402 
Parisite,  364 
Paropbite.  466 
Parrot  coal,  546 
Partschiuite,  Partschin,  419 
Pean  elte,  315 
Pearl  sinter.  329 
Pearl -spar,  357 
Peat,  546 

Pebble,  Brazilian,  325 
Peeb blende,  Percherz,  521 
Peckhamite.  387 
Peelolite,  395 
Peganite,  512 
Pencil-stone,  482 
Pentieldite.  322 
Pennine,  474 


Penninite,  474 
Penllandite,  293 
Puplolite,  408 
Percylite,  322 
Periclase,  331 
Pericline.  Periklin,  377 
Peridot,  420 
Peristerite,  377 
Pertbite.  373 
Perofskite,  487 
Perovskite,  487 
Perowskit,  487 
Petalite,  369 
Petrified  wood.  327 
Petroleum,  544 
Potzitc,  289 

Phacelite.  Phacellite.  410 
Phacolite,  458 
Pharmacolite,  510 
Pharmacosiderite,  513 
Phenacite.  Pbenakit,  423 
Pbengite,  466 
Pbiladelpbite.  476 
Phillipiie,  536 
Plnllipsite,  455 
Pblogopite,  469 
PUoDnicite,  539 
Phoenicochroite,  529 
Pbolerite,  481 
Pholidolite,  481 
Pliosgeuite,  364 

PUOSPHATES, 

Phosphorite,  498 
Phosphoraalz,  510 
Phosphohiderite,  510 
Phosphuranylite,  515 
Photicite.  396 
Phyllite,  471 
Physalite.  482 
Picile,  513 
Pickeriugite.  535 
Picotite.  338 
Picroepidole,  439 
Picrolite.  Pikrolit,  477 
Picromerite,  535 
Picroi)harniacolite,  508 
Piedmontite,  440 
Pinakiolite.  518 
Pinguite.  484 
Pinite.  466,  408 
Pinnoite,  520 
Piotine.  480 
Pirssonite.  366 
Pisanite,  534 
Pisolite,  356 
Pistacite,  Pistazit,  488 
Pistomesite,  359 
Pitch,  Mineral, 
Pitcliblende,  521 
Pittasphalt,  544 
Pitticite.  Piltizit,  516 
Plagioclase,  374 
Plagiouite,  308 
Plasma,  326 


Plaster  of  Paris.  533 
Platiua;  Platine,  280 
Plaiiniridiuin.  280 
Platinum,  Native.  1:80 
Platinum,  arsenide,  302 
PlatlDerite,  3^6 
Plenargyrite,  308 
Pleonaste,  338 
Piessiie,  281 
Plumbago,  273 
Plum  bogum mite,  514 
PlomlK)calcite.  356 
Plumboslib,  309 
Polianite,  345 
Pollucite,  Pollux,  382 
Polyadelphile,  417 
Polyargite.  466 
Poly argy rite,  315 
Polynrsenite,  502 
Polybasite,  314 
Polycrase,  493 
Polychroilite,  408 
Polvdymite,  296 
Polyhaliie,  535 
Polylithionite.  467 
Polymignite,  493 
Poly  splicer  ite.  499 
Poonahlite,  t>.  Bcolecite 
Porpezile,  276 
Posepnyte,  544 
Potash  alum,  520 
PotJissium  borate,  520 

cldoride.  818,  328 

nitrate,  517 

silicate,    370.    373.    381, 
464,  etc. 

sulphate.  523 
Potstoue,  479 
Powellite,  541 
Pi-ase,  326 
Praseoliie.  408 
Prehnile,  442 
Pfibramile,  291 
Priceite,  520 
Prismatine,  451 
Prochlorite.  475 
Prolectite,  443 
Prosopite,  323 
Protobastite.  385 
Proustite,  311 
Prussian  blue,  Native,  508 
Przibramile.  291,  349 
Pseudobrookite,  343 
Pseudocampylite,  499 
Pseudoleucite,  382 
Pseudomalnclnte,  505 
Pseudophite,  474 
Pseudosteatite,  482 
Psilomelane,  352 
Psittacimiie.  505 
Ptilolite,  453 
Pucherite,  496 
Puflerite,  457 
*  Punamu,  894 
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Purple  copper  ore,  297 
Pusclikiniie.  439 
Pycnite,  482 
Pynirgilllte,  408 
Pyrargyriie.  811 
Pyreneite,  417 
Pyrgom,  390 
Pyriie,  800 

Pyrites,  Arsenical,  t>.  Arseno- 
pyrite.  308 

Capillary,  295,  803 

Cockscomb.  303 

Copper.  297 

Iron,  300,  802 

Magnetic.  296 

Radiated.  808 

Spear.  303 

Tin.  316 

White  iron,  802 
Pyroaurite,  852 
Pyrochlore,  489 
Pyrocliroite,  351 
Pyrolusite.  347 
Pyroniorphite,  499 
Pyrope.  416 
Pyrophanite,  337 
Pyrophosphorite.  507 
Pyrophyllite.  483 
Pyrophysalite.  432 
Pyroretinite,  544 
Pyrosclerite,  476 
Pyrosmalite,  424 
Pyrostibite,  307 
Pyrostilpniie,  312 
Pyroxene.  387 
Pyroxene  Group,  382 
Pyrrbarsenite,    Pyrrhoarsen- 

ite.  495 
Pyrrhite,  490 
Pyrrholine,  296 
Pyrrhotite.  296 

Q 

Quartz.  824 
Quart zine,  328 
Quartzite,  327 
Quarz,  324 

Quecksilbcr,  Gediegen.  279 
Quecksilberbrunderz,  544 
Quecksiiberbornerz,  817 
Quenstedtite,  535 
Quetenite,  538 
Quicksilver,  279 


Radelerz.  310 
Kaimoudite.  586 
lialstonite.  823 
Rjimirite,  505 
Rammelsbergite,  304 
llaiiite,  468 
Kaspite,  541 


Rnthite.  309 

Ranch  quarz.        «.       Smoky 

Quartz.  826 
Raumite,  408 
Realgar,  282 
Red  antimony,  v.  Eermesite 

chalk.  335 

copper  ore,  331 

hematite.  334 

iron  ore,  335 

lead  ore.  529 

ocher,  385 

silver  ore,  311 

zinc  ore,  382 
Reddingite,  508 
Reddle.  335 
Redingionite,  587 
Redrutbite.  290 
Reinite,  542 
Reissite,  454 
Reminglonile,  367 
Keusselaerile,  479 
Resin.  Mineral,  548 

Ulghgate, 
Retiualile,  477 
Retinite,  543 
Rotzbanyite,  307 
Retzian,'507 
Rezbanyite.  307 
Rhabdophane,  509 
Rhabdophauite,  509 
Rheetizite.  434 
Rliagite,  515 
Rhodalose,  v.  Bleberite 
Rliodizite,  519 
lihodochrome,  474 
Rhodochrosite,  359 
Rhodolite,  416 
Riiodonite,  395 
Rhodophyllite.  474 
Rhodoiilite,  452 
Rhyacolite,  372 
Riband  jasper,  327 
Richellite.  514 
Richterite,  401 
Riebeckite.  404 
Rinkite,  487 
Ripidollte.  473.  475 
Rittingerite.  312 
Rock  crystal.  325 

meal,  356 

milk,  356 

salt.  318 
Roeblingite,  408 
Roemerite,  536 
Roepperite,  422 
Romanzovite.  418 
Romeite.  Romeine,  516 
ROmerite,  536 
Ro.scoelite,  470 
Rose  quartz,  326 
Roseliie,  507 
Rasenbuschite,  395 
I  Rosite,  466 


Rothbleierz,  529 
Rotheisenerz,  Rotheisenstein, 

335 
RolhgOUigerz,  311 
Rolhkupfererz,  318 
Rothnickelkics,  295 
Rothomte,  417 
j  Rothspiessglanzerz,  805 
Rothzinkerz,  832 


Rowlandite.  437 


I  Rubellite,  448 
Rubiceile.  338 
Rubin.  388 
Ruby.  Al  man  dine,  838 

Balas,  338 

Oriental,  333 

Spine).  338 
Ruby  blende.  291 
Ruby  copper,  813 
Ruby  silver.  311 
Ruby  spinel.  338 
Ruby  zinc,  291 
Ruin  marble,  356 
Rumflnite,  543 
Rumpflte,  476 
Ruthenium  sulphide,  302 
Rutile,  345 

8 

Safflorite,  304 
Sagenlle.  826,  345 
Sahlite,  389 
Sal  Ammoniac,  319 
Srtliie.  389 
Salmiak.  319 
Salmite.  472 
Salt,  Rock.  318 
Saltpeter,  r.  Niter 
Salvadorite.  534 
Samarskite.  492 
Sammctbleude,  349 
Sand berge  rite.  313 
Sanguiuitc.  312 
Sanidine.  372 
Saphir  d'eau.  408 
Sapooiie,  480 
Sapphire,  333 
Sapphirine.  451 
Sarcolite.  426 
Sard,  326 
Sardonyx  327 
Sarkinile,  502 
Sartorite,  308 
Sassolite,  Sassolin,  8S2 
Satin  spar,  355,  582 
Saualpite.  488 
Saussurite,  488 
Scacchite,  321 
Scaijolite,  Common.  425 
ScAPOi.iTE  Gi-oup.  424 
Schalenblende,  291 
Schapbachite.  309 
Schaumerde,  355 
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Scbaumspatb,  355 
Scbeelbleispatfa.  v.  Stolzite 
Scbeelite,  540 
ScheelspHth,  v.  Scheelite 
Srheererite,  543 
Scliefferite,  889 
Sciiiller-spar,     Schillerspath, 

386 
Scliirmerite,  308 
Schlangenalabaster,  528 
Sclmiir^el,  838 
Schneiderite,  457 
S'hoenite,  585 
Soh5Dite,  535 
Scborlomite,  419 
S<  borza,  489 
Scbreibergite,  S81 
Schrifierz,  Scbrifltellur,  304 
SclircJlterite,  488 
Sc Imngite,  273 
Scbuppenstein.  467 
Scbwurtzembergite,  822 
Schwatzite,  313 
Scbwefel  v.  Sulpbur,  273 
Schwefelkies,  300 
Scbwefelquecksilber,  293 
v^rhwerbleierz  v.  Plattnerit^ 
"^(hwerspatb,  524 
Scleroclase,  308 
Srolecite.  Scolezito,  462 
Scorodlle.  509 
Scorza,  489 
^covillite.  509 
Sccbacbile,  458 
Selenidbs,  288,  289 
Stlenite,  532 
Selenites,  538 
Selenium,  271 
Seleuqiiecksilber,  292 
Selensulphur,  274 
Scienwismutbglanz,  284 
ScUaite,  321 
Sonieline,  486 
Semi-opal,  329 
St-mseyite,  309 
Stnarmoiitile,  380 
Sei)iolite,  480 
vS-ricite,  465 
Scri)€niine,  476 
Serpierite,  536 
S^'vbertite,  471 
Shepardite.  382 
Shell  marble,  356 
Siberite,  448 
Siderite,  359 
Sideronatrite,  587 
Siiierophyllite,  468 
Siegenite,  297 
Sillier,  V,  Silver,  278 
Silberamalgam,  279 
Silherglanz,  288 
Silberbomerz.  319 
Silex.  Silica.  324 
Silicates,  868 


Siliceous  sinter,  329 
Siiicifled  wood,  327 
Silicon  oxide,  324,  328,  829 
Sillimanite.  438 
Silver.  Native,  278 
Silver  antimonide,  286 

arsenide.  286 

bismutbide,  286 

bromide,  319 

cblorides,  319 

iodide,  319 

selenide.  288 

sulpbantimonites.308, 311 

sulpbarsenite,  311 

sulphide,  288,  290 

sulpbo-bismuthite,  308 

sulpho-germanate,  316 

telluride.  286,  289,  805 
Silver  glance.  288 
Simetite,  548 
Simonyite,  535 
Sinter.  Siliceous,  829 
Sipylite,  490 
Sisersliite,  280 

Sismondine,  Sismondite,  472 
Sisserskite.  280 
Skapolitb,  425 
Skleroklas.  308 
SkogbOlite,  492 
Skutterudite,  302 
Smaltite.  Smaltiue,  801 
Smaragd,  «.  Emerald 
Smaragdite.  401 
Smectite.  482 
Smegmatite.  482 
Smirgel,  333 
Smitbsonite,  860 ;  446 
Smoky  quartz,  326 
Soapstone,  479 
Soda  alum,  535 
Soda  microcline,  378 
Soda  niter,  517, 
So<la  orthoclase,  372 
Sodallte,  412 
Sodium  borate.  520 

carbonate.  366,  367 

chloride,  31S 

fluoride.  821,  etc. 

nitrate,  417 

phosphate.  496,  etc. 

silicate,  412.  460,  461 

sulphate,  523 ;   hydrous, 
531,  eU. 
Sonnenstein.  v.  Sunstone,  378 
Spadaite.  480 
SpangoHte,  530 
Spargelstein,     v.    Asparagus 

stone 
Spathic  iron,  359 
Spatheisensteiu,  v.  Siderite 
Spear  pyrites.  308 
Speckstein.  479 
Specular  iron.  335 
Speerkies,  303 


Speiskobalt,  301 
Spessartiue.  Spessartite,  417 
Sperryliie,  302 
Sphaerite,  513 
Sphserocobaltite,  361 
Sphalerite,  291 
Sphene,  485 

Spiauterite.  v.  Wurtzite,  295 
Spinel.  838 
Spinel  ruby,  338 
Spinth^re,  486 
Spodiosite,  502 
Spodumene,  393    ' 
Spreustein,  461 
SprOdglanzerz,  314 
SprOdglaserz,  314 
Spr5dglimmer,  470 
Sprudelstein,  361 
StafFelite,  499 
Stalactite,  356 
Stalagmite,  356 
Staniute.  Stan  nine,  815 
Stassfurtite,  519 
Star-quartz.  326 

sapphire,  338 
Staurolite,  450 
Staurotide.  450 
Steatite,  479 
Steeustrupine.  407 
Steiuheilite,  408 
Stein kohle,  546 
Steinmauuite,  288 
Stein  mark,  D.Lithomarge,  481 
Sleium,  544 
Steiusalz,  318 
Stephauite.  314 
Slercorite,  510 
Stern  bergite.  290 
Siibicouiie,  330 
Slibniie,  283 
Stilbite,  456;  454 
Stilpnomclane,  476 
Stolpenite,  482 
Stolzite,  541 

Strahlerz.  v.  Clinoclasite 
Strahlkies,  303 
Strahlstein,  400 
Sti-atopeite,  396 
Stream  tin,  344 
Strengite.  510 
Strigovite,  476 
Stromeyerile,  290 
Strontiauite,  362 
Strontianocalcite,  356 
Strontium  carbonate,  862 

silicate,  454 

sulphate,  526 
Struvite,  507 
StQtzite,  286 
Stylotypite.  310 
Succinic  acid,  543 
Succinite,  543;  416 
Sulfoborire,  521 
Sulpha NTiMONATES,  315 
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SULPHANTIMONITES,  306 
SULPHAK8ENATE6,  315 
SULPHARSENITES,  306 
SULPHATKS.  523 
SULPUIDES,  283 
8l'LPHOBI8MUTHITE8,  306 

Sulpholmlite,  530 

SlJLPIIOSTANNATES,  315 

Sulphur.  273 
Suudtile.  308 
Suustone,  378 
SuiuiDuiie,  529 
Sussex ite,  318 
Svabite,  501 
Svatibergite,  516 
Sycbuodymite.  296 
Sylvauite,  304 
Sylvite.  Sylviue,  818 
Syinplesite,  508 
Syuadelphite,  506 
Syugenite.  534 
Syuuigmatite,  400 
Szaboile,  386 
Szjiibelyite,  5W 
Szmikite,  531 


Tubas  beer,  1 

Tabulur  spar,  394 

Tachbydriie,  323 

Tiich  V  bydi-ite,       Tachydrite, 

323 
TiEuite,  281 
Tafelspalh,  394 
Ttigilite,  511 
Tulc,  479 
Talkeisenerz,  340 
Talktriplilc.  502 
Tallingile,  323 
Tallow,  Mineral,  543 
Tantalates,  489 
Tantalite.  490 
Tapalpiie,  310 
Tapiolite,  492 
Taruowitzite,  361 
Tasmauile,  544 
Tavistockile.  506 
Taylorite.  523 
Tellur.  275 
Tellurates.  588 
Tellurbismuih,  284 
Telhirblel,  v.  Allaite.  288 
Telluric  wismuth,  284 
Tellurides,  288  et  seq. 
Tellurite.  330 
Telh; RITES.  538 
Tellurium,  275 
Tellurium  oxide,  380 
Telluruickel.  297 
Tellursilber,  v.  Hessite,  289 
Tellurvvismuth,  284 
Tengerite,  367 
Tennantite,  818 


Tenorite,  332 
Tephroile.  422 
Tesoheraaclierite,  364 
Tesseralkies.  v.  Skutterudite, 

302 
Tetradymite,  284 
Tetrabedrite,  312 
Thallite.  439 
Thallium  selenide,  289 
Thaumasite,  483 
Tbenardite.  523 
Thermonatrite,  366 
Tbermophyllile,  478 
Thinolile,  357 
Thiorsauite,  380 
Tbomseuoliie,  323 
Thomsonite,  462 
Thouerde,  v.  Aluminium 
Thorite.  430 

Thorium  siJicate,  430,  437 
Thorogummite,  522 
Thuiile,  438 
Thuringite,  475 
Tiemannite,  292 
Tiger-eye,  326,  404 
Tiiasite,  502 
Tile  ore,  331 
Tilkerodite,  288 
Tie,  Native,  280 
Tiu  borate.  518 

oxide,  344 

8ulphide>  315 
Tin  ore,  Tin  stone,  344 
Tiu  pyrites.  315 
Tiucal,  520 
Tinkal,  520 
Tirolite,  511 
TiTANATES,  485 
Tilaneiseu,  336 
Titanic  iron  ore,  336 
Tilanile.  485 

Titanium  oxide,  345.  346,  847 
Titanomorphite,  486 
Topaz,  431 

False,  326 

Oriental,  338 
Topazolite,  417 
Torbanite,  546 
Torbernite,  315 
Touchstone.  327 
Tourmaline,  447 
Traversellite,  389 
Travertine,  356 
Tremolite,  400 
Trichaleite,  508 
Tridymite,  328 
Trimerlte,  424 
Triphane.  393 
Triphyline.  496 
Triphylite.  496 
Triplite.  502 
Triploidite.  502 
Tri|K>lite,  329 
Trippkeiie,  516 


Tripuhyite,  516 
Tritochorite.  505 
Tritomite,  407 
TrOgerite,  515 
Troilite,  298      . 
Trolleite,  513 
Trona,  367 
Troostite,  423 
Tscheffkinite,     TschewkiDi' 

487 
Tschermigite.  535 
Tufa,  Calcareous,  356 
Tungsien  trioxide,  330 
Tungstite,  330 
Turgite.  350 
TOrkis.  512 
Turmaliu,  447 
Turnerite.  495 
Turquois.  Turquoise,  513 
Tyrite.  490 
Tyroiite,  511 
Tysonite.  321 

U 

Uintahite.  Uintaite,  545 
Ulexiie,  520 
Ullmanuite,  302 
Ultramarine.  413 
Umangite,  289 
Union ite.  438 
Uraconise,  Uraconite,  oSS 
Uralite,  401 
U  HAN  AXES,  521 
Urauinite.  521 
U  ran  ite,  515 
Uranium  ai'senate.  515 

carbonates,  367 

niobates.  492.  493 

phosphates,  515 

silicates,  483 

sulphate,  588 
Uranmica,  515 
Urauocircite,  515 
Uranoniobiie,  521 
U  ran  op  bane,  483 
Uranopilite.  538 
Uranosphserite.  522 
Urauospinite,  515 
Uranoihallite,  367 
Urauotil,  483 
Uranpecherz,  521 
Urao,  367 
Urban  ite,  889 
Urpethite,  543 
Urusite,  537 
Utahite,  536 
Uvarovite,  Uwarowit,  417 


Vaalite,  476 
Valencianite,  878 
Valentinite,  380 


INDEX   TO  SPECIES. 


593 


^^  •  adinbleierz,  v.Vanadinite 

Viinndinite,  500 

V:ina(Hiim  silicate.  470 

V.it  iesraled  copper  ore,  297 

Vi  incite,  610 

V;iu(iuelinile,  529 

Velvet  copper  ore,  «.  Lett- 
somite 

Vcrmshairstone,  345 

Vi'id-anlique,  477 

Vkumiculitks,  476 

Vermilion,  v.  CMnnabar 

V'-uviauite,  427 

Vi'^zelyite,  511 

Viluite,  428 

Violnn.  389 

Vitreous  copper,  v.  Chalcocite 
silver,  v.  Argent ite 

Viiriol,  Blue,  etr. 

Vitiiolbleierz,  527 

Vivinnite,  508 

V..L'liaiiite,  538 

Vn^iiie.  367 

V=.lbortlnte,  511 

Voliuile,  537 

Voltziie,  Voltzine,  805 

Vu]pi!Ute,  528 

W 

W,..l.  3r»2 
WM-iHTite,  502 
^^:likl'^ite.  895 
Walpurgite,  515 
Wuluewiie,  471 
Wapplerite,  510 
Wurdite.  512 
Waiingtonlie,  580 
Warreuite,  308 
Wiirrinfijtonite,  530 
Warwickite,  519 
WashiDgtonite,  387 
Wasser';apphir,  v.  lolite 
Wavellite.  512 
Webnerite.  308 
Wehsierite,  oa? 
Weiirlite,  285 
H'(  issbleierz,  863 
WeissfirQlligerz.  318 
Wellsite.  455 
Wernorite,  425 
Wheel  ore,  310 
Whewellite.  642 
White  antimony,  880 


White  nrsenic.  830 
garuet,  «.  Leucite 
iron  pyrites,  802 
lead  ore,  363 
Whitiievite,  286 
Willemite,  422 
Willyainite,  302 
Wilsonite,  466 
Wiluite,  428 
Wise!  in e,  347 
Wisrautb,  V.  Bismuth 
Wismuthantiinounickel- 

glanz.  302 
Wismulhbleude,  414 
Wisinulhglanz,  284 
Wismuihspath,  867 
Withamite,  439 
Wiiheiite,  362 
Witiichenite.  310 
Wocheinite,  851 
WOhlerite.  395 
Wolfhchite,  804 
Wolfram,  639 
Wolframite.  589 
Wolfsbergite.  808 
Wollastonile,  894 
Wolnyn,  625 

Wood,  Fossil,  Petrified,  827 
Wood  copper.  504 
Wood  opai.  329 
Wood  till,  814 
WOrthite,  484 
Wulfenite.  541 
Wfirfelerz,  v,  Pharmacosider- 

ite 
Wurtzite,  295 


Xnotharsenite,  505 
Xanthocouite,  315 
Xanthophyllite,  471 
Xanthosiderite,  350 
Xenolite,  484 
Xeootime,  494 


Yellow  copper  ore,  297 

lead  ore,  541 
Yenite,  445 
Yttergranal,  417 
Yttrialite,  487 
Yttrium  carbonate,  867 


Yttrium  niobates,  490,  fie, 
phosphates,  494,  509 
silicates,  487 

Yttrocerite,  823 

Yttrocolumbite,  «.  Yttrotan- 
talitc,  492 

Yttrogummite,  622 

Yttrotantalite,  492 


Zaratite.  367 
Zeolites,  453 
Zepharovichite,  510 
Zeunerite,  515 
Zeigelerz,  831 
Zietrisikitc,  543 
Zinc,  Native.  275 

lied  Oxide  of,  332 
Ziuc  aluminate.  839 

arsenates,  505,  509 

carbonates,  360 

oxide,  332,  339 

oxysulphide,  805 

phosphate,  507 

silicates,  422.  446,  447 

sulphates.  528,  538 

sulphides.  291,  295 

vanadate,  5(15 
Zinc  blende,  291 
Zinc  ore,  Red,  382 
Zincaluminite,  538 
Zincite,  332 
Zinckenite,  807 
Zincocalcitc,  356 
Zinkblende,  291 
Zinkenite,  307 
Zinkosite,  528 
^inkspflth,  360 
Zinnerz,  344 
Zinnkies.  315 
Zinnober,  298 
Zinnstein.  344 
Zinnwaldite.  467 
Zippeite,  538 
Zircon,  429 
Zirconium  dioxide.  346 

silicate,  429;  395 
Zirkelite,  846 
Zoisite,  437 
Zorgite,  289 
Zunyite,  414 
Zwiesclite,  602 
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*  Martin's  Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpipe . .  zamo,  60 
Mason's  Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 

3d  Edition,  Rewritten 8vo,  4  00 

Examination  of  Water.     (Chemical  and  BacteriologicaL) zamo,  z  as 

Matthew's  The  Textile  Fibres 8vo.  3  5© 

Meyer's  Determination  of  Radicles  in  Carbon  Compotmds.    (Tingle.).  .  zamo.  z  00 

Miller's  Manual  of  Assaying. zamo,  i  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo.) zamo,  a  50 

Mlxter's  Elementary  Text-book  of  Chemisirj zamo,  z  50 

Morgan's  Elements  of  Physical  Chemistry zamo,  3  00 

*  Physical  Chemistry  for  Electrical  Engineers zamo,  z  50 
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Jletcalf's  Cost  of  Manufacture — And  the  Administration  of  Workshops.  .8to,  5  00 

*  Ordnance  and  Gunnery,    a  vols. lamo,  5  00 

Murray's  Infantry  Drill  Regulations zSmo,  |>aper,  10 

Hizon's  Adjutants'  Manual. a4mo,  z  00 

Peabody's  Haval  Architecture 8vo,  7  5o 

*  Phelps's  Practical  Marine  Surveying. 8to,  a  50 

Powell's  Anny  Officer's  Examiner lamo*  4  00 

Sbarpe's  Art  of  Subsisting  Armies  in  War. z8mo»  morocco,  z  50 

-*  Walke's  Lectures  on  Explosives. 8vo,  4  00 

*  Wheeler's  Siege  Operations  and  Military  Mining 8ve,  a  00 

Winthrop's  Abridgment  of  Military  Law lamo,  a  50 

WoodhuU's  Notes  on  Military  Hygiene. i6mo,  z  50 

Young's  Simple  Elements  of  Navigation. »6mo»  morocco-  9  00 


ASSAYING. 

Pletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

zamo,  morocco »  z  50 

Punnan's  Manual  of  Practical  Assaying 8vo,  3  00 

Lodge's  Notes  on  Assaying  and  Metallurgical  Labozmtory  Experiments 8vo,  3  00 

Low's  Technical  Methods  of  Ore  Analysis. 8vo,  3  00 

Miller's  Manual  of  Assaying. zamo,  z  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.    (Waldo.) zamo»  2  50 

O'DriscoU's  Notes  on  the  Treatment  of  Gold  Ores. 8vo,  ::  00 

Rieketts  and  Miller's  Notes  on  Assaying. 8vo,  3  00 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) Bvo, 

Ulke's  Modem  Electrolytic  Copper  Refining. 8vo,  3  00 

Wilson's  Cyanide  Processes zamo,  z  50 

Chlorination  Process zamo,  z  50 

ASTRONOMY. 

Comstock's  Field  Astronomy  for  Engineers 8vo,  a  50 

Craig's  Azimuth 4to,  3  50 

Doolittle's  Treatise  on  Practical  Astronomy. 8vo,  4  00 

Gore's  Elements  of  Geodesy 8vo»  a  50 

Hayf ord's  Text-book  of  Geodetic  Astronomy. 8vo,  3  00 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy. 8vo,  a  50 

*  Michie  and  Harlow's  Practical  Astronomy 8vo,  3  00 

*  White's  Elements  of  Theoretical  and  Descriptive  Astronomy zamo,  a  00 


BOTANY. 

Davenport's  Statistical  Methods,  with  Special  Reference  to  Biok>gical  Variation. 

z6mo,  morocco,  z  35 

Thomd  and  Bennett's  Structural  and  Physiological  Botany. z6mo,  a  as 

Westermaier's  Compendium  of  General  Botany.     (Schneider.) 8vo,  a  00 


CHEMISTRY. 

Adriance's  Laboratory  Calcuktions  and  Specific  Gravity  Tables. zamo,  z  as 

Allen's  Tables  for  Iron  Analysis 8vo,  3  00 

Arnold's  Compenditmi  of  Chemistry.     (MandeL) Small  8vo,  3  so 

Austen's  Notes  for  Cheznical  Students xamo,  z  50 

Bemadou's  Smokeless  Powder.— Nitro-cellulose,  and  Theory  of  the  Cellulose 

Molecule xamo,  a  so 

^  Browning's  Introduction  to  the  Rarer  Elements 8vo,  z  50 
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CIVIL  EllGINEERING. 

BRIDGES  AHD  ROOFS.      HTDRAUUCS.      MATERIALS  OF  SHOHIEERIHG. 
RAILWAY  SNGIRSBRI9G. 

Baker's  EngioMii'  Svrv«jinc  InstnimMiti. xsino, 

Bizby's  Gfrnphieal  Comyotiiic  Table Paper  Z9iXa4i inchea. 

♦*  Burr'a  Ancient  and  Medara  Bnglneering  and  tha  latlMnUm  CanaL    (I\»atace, 

37  cents  additionaL) 8vo» 

Comstock's  Field  Astronomy  for  Engineers. 8vo, 

Davis's  Elevation  and  Stadia  Tables. 8vo, 

BUiotfs  Engineering  for  Land  Dninage zamo, 

Practical  Farm  Drainage lamo* 

*Fiebeger'8  Treatise  on  Civil  Engineering 8vo, 

Folwell's  Sewerage.    (Designing  and  Maintenance.). 8vo, 

Freitag's  Architectural  Engineering,    ad  Edition ,  Rewritten 8vo, 

French  and  Ives's  Stereotomy 8vo, 

Goodhue's  Municipal  Improvements zamo, 

Goodrich's  Economic  Disposal  of  Towns'  Refuse 8vo, 

Gore's  Elements  of  Geodesy Svo, 

Hayford's  Text-book  of  Geodetic  Astronomy. Svo, 

Bering's  Ready  Reference  Tables  (Conversion  Factors) z6mo,  morocco, 

Howe's  Retaining  Walls  for  Earth. lamo, 

Johnson's  (J.  B.)  Theory  and  Practice  of  Surveying Small  8vo, 

Johnson's  (L.  J.)  Statics  by  Algebraic  and  Graphic  Methods 8vo, 

Laplace's  Philosophical  Essay  on  Probabilities.    (Truscott  and  Emory.) .  lamo, 
Mahan's  Treatise  on  Civil  Engineering.     (1873.)     (Wood.) 8vo. 

*  Descriptive  Geometry. 8vo, 

Merrtman's  Elements  of  Precise  Surveying  and  Geodesy. .  ^ Hvo, 

Merriman  and  Brooks's  Handbook  for  Surveyors. z6mo,  morov. . 

Vugent's  Plane  Surveying 8vo, 

Ogden's  Sewer  Design. zamo, 

Pstton's  Treatise  on  Civil  Engineering 8vo  half  leather. 

Reed's  Topographical  Drawing  and  Sketching 4to, 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage 8vo, 

Siebert  and  Biggin's  Modem  Stone-cutting  and  Masonry 8vo, 

Smith's  Manual  of  Topographical  Drawing.     (McMillan.). 8vo, 

Sondericker's  Graphic  Statics,  with  Applications  to  I^ussee,  Beams,  and  Arches. 

8vo, 
Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced. 8vo, 

*  Trautwine's  Civil  Engineer's  Pocket-book z6mo,  morocco. 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo, 

Sheep, 
Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  8vo, 

Sheep, 

Law  of  Contracts 8vo, 

Warren's  Stereotomy — ^Problems  in  Stone-cutting 8vo, 

Webb's  Problems  in  the  Use  and  Adjustment  of  Engineering  Instruments. 
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Wilson's  Topographic  Surveying 8vo, 


BRIDGES  AND  ROOFS. 

Boiler's  Practical  Treatise  on  the  Construction  of  Iron  Highway  Bridges .  .8vo,    ^  00 

«      Thames  River  Bridge 4to,  paper,    5  00 

Burr's  Course  on  the  Stresses  in  Bridges  and  Roof  Trusses,  Arched  Ribs,  and 

Suspension  Bridges. Svo,    3  50 
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Burr  and  Fft]k'«  Influence  Lines  for  Bridge  and  Roof  Compotatione 8vo,  3  00 

Design  and  Construction  of  Metallic  Bridges 8to,  5  oo 

Du  Bois's  Mechanics  of  Engineering.    VoL  IL Small  4to,  10  00 

Foster's  Treatise  on  Wooden  Trestle  Bridges. 4to,  s  00 

Fowler's  Ordinary  Foundations. 8to,  3  sp 

Greene's  Roof  Trusses 8to,  z  25 

Bridge  Trusses 8to,  a  90 

Arches  in  Wood,  Iron,  and  Stone 8to,  2  50 

Howe's  Treatise  on  Arches. 8vo,  4  00 

Design  of  Simple  Roof-trusses  in  Wood  and  SteeL 8to,  a  00 

Johnson,  Bryan,  and  Tumeaure's  Theory  and  Practice  in  the  Designing  of 

Modem  Framed  Structures Small  4to,  10  00 

Merriman  and  Jacoby*s  Text-hook  on  Roofs  and  Bridges: 

Parti.    Stresses  in  Simple  Trusses. 8vo,  a  50 

Partn.    Oraphic  Statics. 8to,  a  50 

Partm.    Bridge  Design 8vo,  a  50 

Part  lY.    Higher  Structures. Svo,  a  50 

Morison's  Memphis  Bridge 4to,  10  00 

Waddell's  De  Pontibus,  a  Pocket-book  for  Bridge  Engineers. .  z6mo,  morocco,  a  00 

Specifications  for  Steel  Bridges lamo,  i  as 

Wright's  Designing  of  Draw-spans.    Two  parts  in  one  volume 8vo,  3  90 


HTDRATTLtCS. 

Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Veii)  Issuing  from 

an  Orifice.     (Trautwine.) 8to,  a  09 

BoTey's  Treatise  on  Hydraulics 8to,  5  00 

Church's  Mechanics  of  Engineering Svo,  6  00 

Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels psper,  i  90 

Hydraulic  Motors 8to,  a  00 

Coffin's  Graphical  Solution  of  Hydraulic  Problems z6mo,  morocco,  a  50 

Plather's  Dynamometers,  and  the  Measurement  of  Power. lamo,  3  00 

Fotwell's  Water-supply  Engineering 8vo,  '4  00 

Frizell's  Water-power Svo,  s  00 

Fuertes's  Water  and  Public  Health lamo,  i  50 

Water-flltntion  Works xamo,  a  50 

GangulUet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  in 

Rivers  and  Other  Channels.     (Hering  and  Trautwine.) Svo,  4  00 

Hazen's  Filtration  of  Public  Water-supply Svo,  3  00 

Hazlehurst's  Towers  and  Tanks  for  Water-works Svo,  a  50 

Herschel's  1 15  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits Svo,  a  00 

Mason's  Water-supply.    (Considered  Principally  from  a  Sanitary  Standpoint.) 

Svo,  4  00 

Merriman's  Treatise  on  Hydraulics Svo,  5  00 

•  Michie's  Elements  of  Analytical  Mechanics Svo,  4  00 

Schuyler's  Reservoirs  for  Irrigation,  Water-power,  and  Domestic  Water- 
supply Large  Svo,  5  00 

**  Thomas  and  Watt's  Improvement  of  Rivers.     (Post,  44c.  additionaL).4to,  6  00 

Tumeaure  and  Russell's  Public  Water-supplies Svo,  5  00 

Wegmann's  Design  and  Construction  of  Dams 4to,  5  00 

Water-supply  of  the  City  of  New  York  from  1658  to  1895 4to,  xo  00 

Williams  and  Hazen's  Hydraulic  Tables Svo,  x  50 

Wilson's  Irrigation  Engineering Small  Svo,  4  00 

WoUTs  Windmill  as  a  Prime  Mover Svo,  3  00 

Wood's  Turbines Svo,  a  50 

Elements  of  Analytical  Mechanics. Svo,  3  00 
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MATERIALS  OF  EUGINEERING. 

Baker's  Treatise  on  Masonry  Construction 8yo,  5  00 

Roads  and  Pavements. 8vo,  5  00 

Black's  United  States  Public  Works Oblonc  4to,  5  00 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures ,fl^o,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Enginaering 8to,  7  50 

Byrne's  Highway  Construction. 8to,  5  00 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

i6mo,  3  00 

Church's  Mechanics  of  Engineering Sro,  6  00 

Bu  Bois's  Mechanics  of  Engineering.    YoL  I. Small  4to,  7  So 

•Eckel's  Cements*  Limes,  and  Plasters 8to»  6  00 

Johnson's  Materials  of  Construction. Large  8vo,  6  00 

Fowler's  Ordinary  Foundations. 8to,  3  50 

*  Greene's  Structural  MechanJca. 8vo,  a  50 

Keep's  Cast  Iron 8to,  2  50 

Lanza's  Applied  Mechanics. 8to»  7  50 

Marten's  Handbook  on  Testing  Materials.    (Htnning.)    2  vols 8to,  7  so 

■aurer's  Technical  Mechanics. 8to,  4  00 

Merrill's  Stones  for  Building  and  Decoration. 8vo,  5  00 

Merriman's  Mechanics  of  Materials 8¥o,  5  00 

Strength  of  Materials zamo»  x  00 

MetcaVs  Steel.    A  Manual  for  Steel-users. lamo,  2  00 

^tton's  Practical  Treatise  on  Foundationa. 8to,  5  00 

Bichardson's  Modem  Asphalt  Pavements 8to»  3  00 

Bichey's  Handbook  for  Superintendents  of  Construction x6mo,  mor.,  4  00 

Bockwell's  Roads  and  Pavements  in  France i2mo»  i  25 

flabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish. 8vo,  3  00 

fltaiith's  Materials  of  Machines. i2mo,  i  00 

Snow's  Principal  Species  of  Wood 8vo,  3  5o 

Spalding's  Hydraulic  Cement i2mo,  2  00 

Text-book  on  Roads  and  Paraments. z2mo,  2  00 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  5  oo 

Thurston's  Materials  of  Engineering.     3  Parts. 8vo,  8  00 

Part  I.    Non-metallic  Materials  of  Engineering  and  Metallurgy 8vo,  2  00 

Part  n.    Iron  and  SteeL 8vo,  3  50 

Part  in.    A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo,  2  50 

Thuzvton's  Text-book  of  the  Materials  of  Construction 8vo,  5  00 

TEllson's  Street  Pavements  and  Paving  Materials 8vo,  4  00 

Waddell's  De  Pontibus.   (A  Pocket-book  for  pridge  Engineers.) . .  z6mo,  mor.,  2  00 

Specifications  for  Steel  Bridges. i2mo,  1  25 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Materials,  and  an  Appendix  on 

the  Preservation  of  Timber 8vo,  2  00 

Wood's  (De  V.)  Elements  of  Analytical  Mechanics 8vo,  3  00 

Wood's  (M.  P.)  Rustless  Coatings:   Corrosion  and  Electrolysia  of  Iron  and 

SteeL 8vo,  4  00 


RAILWAY  ENOINEERIKG. 

Andrew's  Handbook  for  Street  Railway  Engineers. 3x5  Inches,  morocco,  z  as 

Bcrg^s  Buildings  and  Structures  of  American  Railroads 4to,  5  00 

Brook's  Handbook  of  Street  Railroad  Location z6mo,  morocco,  z  50 

Butt's  Civil  Engineer's  Field-book. z6mo,  morocco,  2  50 

Orandall's  Transition  (Turve z6mo,  morocco,  z  so 

Railway  and  Other  Earthwork  Tables. 8vo,  z  50 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book. .  z6m0r  morocco,  g  00 
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J)ndc«'«  Higtory  of  the  PennsylvmnU  lUdlnMui:  (1879) Paper,  5  00 

*  Drinker's  TunneUing*  EzpletiTe  Compwiiwis,  and  Rock  XMO^.^io,  half  mqr.,  25  00 

Fisher's  Table  of  Cubic  Yards Cardboard,  35 

Oodwia's  Railroad  Engineers'  Fiekl-book  and  Ezptorers'  Guide. . .  x6mo,  mor.,  2  50 

Howard's  Transition  Curve  Field>book. i6nio,  morecce,  i  50 

Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Ezeavatlons  and  Em- 
bankments.   8to,  X  00 

Molitor  and  Beard's  Manual  for  Resident  Rngineen. i6mo,  z  00 

Ragle's  Field  Manual  for  Railroad  Engineen. i6mo,  morocco,  3  00 

Philbrick's  Field  Manual  for  Engineers. zteio,  morocco,  3  00 

Searles's  Field  Engineering i6mo,  morocco,  3  00  . 

Railroad  Spiral. i6mo,  morocco,  z  50 

Taytor's  Prlsmoidal  FormulsB  and  Earthwork Svo,  z  50 

*  Trautwine's  Method  of  Calculating  the  Cube  Contents  of  Ezcayations  and 

Embankments  by  the  Aid  of  Diagrams. 8to,  3  00 

The  Field  Practice  of  Laying  Out  Circular  Curves  fer  Railroads. 

zamo,  morocco,  a  50 

Cross-section  Sheet Paper,  25 

Webb's  Railroad  Construction z6mo,  morocco,  5  00 

^Wellington's  Economic  Theory  of  the  Location  of  Railways. Small  8vo,  5  00 


Barr's  Kinematics  of  Machinery. Svo,  a  50 

♦  Bartlett's  Mechanical  Drawing. gro,  3  00 

♦  "  "  "       AbrldgedEd. Svo,  z  50 

Coolidge's  Manual  of  Drawing 8to,  paper  z  00 

CooUdge  and  Freeman's  Elements  of  Geneial  Drafting  for  Mechanical  Engi- 

^ttit. Oblong  4to,  a  50 

Durley's  Kinematics  of  Machines 8to,  4  00 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications. 8vo,  a  so 

Hill's  Text-book  on  Shades  and  Shadows,  and  PiiBpective. 8vo,  a  00 

Jamison's  Elements  of  Mechanical  Drawing. 8vo,  a  50 

Advanced  Mechanical  Drawing gvo,  a  00 

Jones's  Machine  Design: 

Part  L    Kinematics  of  Machinery. 8vo,  x  50 

Partn.    Form,  Strength,  and  Proportiona  of  PiMta. 8vo,  300 

MacCord's  Elements  of  Descriptive  Geometry. 8vo,  3  00 

Kinematics;  or.  Practical  Mechanism, .Svo,  5  00 

Mechanical  Drawing ^to,  4  00 

VekKity  Diagrams g^^  ,  5^ 

MacLeod's  Descriptive  Geometry Sniall  8vo.  z  50 

♦  Mahan's  Descriptive  Geometry  and  Ston*-cutting. 8vo[  z  50 

Lidustrial  Drawing.    (Thompson.) g^o^  3  ^^ 

Meyer's  Descriptive  Geometry \\\  .%^o,  a  00 

Reed's  Topographical  Drawing  and  Sketching. .4to!  5  00 

Reid's  Course  in  Mechanical  Drawing. , .  .gve[  a  eo 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  DMignigvo!  3  00 

Robinson's  Principles  of  Mechanism g^o,  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism. ..WW...  !gvo[  3  00 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.     (McMillan.). ...       8vo*  2  50 

Smith  (A.  W.)  and  Marx's  Machine  Design gvo,  3  00 

Warren's  Elements  of  Pkne  and  SoUd  Free-hand  Geometrical  Drawing.  z2mo!  z  00 

Drafting  Instruments  and  Operations Z2moi  z  25 

Manual  of  Elementary  Projection  Drawiiv W'. !  !z2mo!  z  50 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Form  and 

S^dow...  „„^^  ,^ 

Plane  Problems  in  Elementary  Geometry z2mo,  i  25 
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Warren's  Primary  Geometry lamo,  ys 

Elements  of  Descriptive  Geometry,  Shadows,  and  fiei'specUve 9vo,  3  so 

General  Problems  of  Shades  and  Shadows 8to,  3  00 

Elements  of  Machine  Constmction  and  Drawing Svo,  7  9^ 

Problems,  Theorems,  and  Examples  in  Descriptive  Geometry 8vo,  2  90 

Weisbach's    Kinematics  'and   Power   of   Transmission,       (Hermann   And 

Klein.) Svo,  s  o^ 

Whelplejr's  Practical  Instruction  in  the  Art  of  Letter  Bngxmvinc. lamo,  2  00 

Wilson's  (H.  M.)  Topographic  Surveying. 8to.  3  50 

Wilson's  (V.  T.)  Ftree-hand  Perspective 8vo,  2  50 

Wilson's  (V.  T.)  Free-hand  Letteriag. 8to,  i  00 

Woolf's  Elementary  Course  in  Descriptive  Geometry. Large  8vd.  3  00 

ELECTRICITY  AK D  PHYSICS. 

Anthony  and  Bracketfs  Text-book  of  Physics.     (Kagie.) Small  Svo,  3  00 

Anthony's  Lecture-notes  on  the  Theory  of  Electrical  Measurements xamo,  x  00 

Benjamin's  History  of  Electricity 8to,  3  00 

Voltaic  CelL 8vo,  3  00 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood.).8vo,  3  00 

Crehore  and  Squier's  Polarizing  Photo-chronograph 8vo,  3  00 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.  x6mo,  morocco,  5  00 
Dolezalek's  Theory  of  the   Lead  Accumulator   (Storage   Battery).      (Von 

Ende.) xamo,  2  50 

Duhem's  Thermodymunics  and  Chemistry.    (Burgess.) 8vo,  4  00 

Flather's  Dynamometers,  and  the  Measurement  of  Pow^. zamo,  3  00 

Gittert's  De  Magnete.     (Motteky.) 8vo,  2  50 

Hanchett's  Alteriuiting  Currents  Explained xamo,  x  00 

Hering's  Ready  Reference  Ttables  (Conversion  Factors) x6mo,  mOrooco,  2  50 

Holman's  Precision  of  Measurements. 8vo,  2  00 

Telescopic  Mirror-scale  Method,  Adjustments,  and  Tests LaxgeSvo,  73 

Xinzbrunner's  Testing  of  Coutinuous-ctuteat  Machines. 8vo,  a  00 

Landauer's  Spectrum  Analysis.     (Tfngle.) Bvo,  3  00 

Le  ChateHer's  High-temperature  Measurements.  (Boudouard — Burgess.)  x2mo,  3  00 

L5b's  Electrochemistry  of  Organic  Compounds.    (Lorenz.) 6vd,  3  00 

*  Lyons'!  Treatise  on  Electromagnetic  Phenomena.  Vols.  1.  and  H.  8vo,  each,  6  00 

*  Michie's  Elements  of  Wave  Motion  Relating  to  Sound  and  Ligkt. 8vo,  4  00 

ITiaudet's  Elementary  Treatise  on  Electric  Batteries.     (Fishback.) xamo,  2  50 

*  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Kinzbmnner.).  .  .8vo,  x  50 

Ryan,  Norris,  and  Hoxie's  Electrical  MsthlneiT.    VoL  L 8vo,  2  50 

Thurston's  Stationary  Steam-engines. 8vo,  2  50 

*  Tillman's  Elementary  Lessons  in  Heat 8vo,  x  50 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics. Small  8vo,  2  00 

Hike's  Modem  Electrolytic  Copper  Reflxdng. 8vo,  3  00 

LAW. 

*  Davis's  Elements  of  Law 8vo,  a  50 

*  Treatise  on  the  Military  Law  of  United  States. 8vo,  7  m 

*  Sheep,  7  50 

Manual  for  Courts-martiaL » x6mo,  morocco,  x  50 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep,  6  so 
Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  8vo  5  00 

Sheep,  5  SO 

Law  of  Contracts 8vo,  3  00 

Winthrop's  Abridgment  of  Military  Law xamo.  2  50 
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MANUFACTURES. 

Beniadott's  SmokeleM  Powder— Kitro-cettnloie  and  Theory  of  the  CeUulote 

Molecule i2mo,  a  50 

Bolknd's  Iron  Founder lamo,  a  50 

"The  Iron  Founder/'  Supplement i2mo,  2  50 

Encyclopedia  of  Founding  and  Dictionary  of  Foundry  Terms  Used  in  the 

Practice  of  Moulding zamo,  3  00 

Eiasler's  Modem  High  Ezplosives. 8to,  4  00 

Effront's  Enzymes  and  their  Applications.     (Prescott.) 8vo,  3  00 

Fitzgerald's  Boston  Machinist lamo,  i  00 

Ford's  Boiler  Making  for  Boiler  Makers. i8mo,  x  00 

Hopkin's  Oil-chemists'  Handbook. .^ 8vo»  3  00 

Keep's  Cast  Iron .* 8ro,  1  50 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control Large  Svo,  7  50 

Matthews's  The  Textile  Fibres. 8to,  3  50 

Metcalf's  SteeL    A  Manual  for  Steel-users. i2mo,  2  00 

Metcalfe's  Cost  of  Manufactures— And  the  Administration  of  Workshops. 8to,  5  00 

Meyer's  Modem  Locomotive  Construction. 4to,  10  00 

Morse's  Calculations  used  in  Cane-sugar  Factories. z6mOf  morocco*  x  50 

*  Reisig's  Guide  to  Piece-dyeing 8to,  25  00 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish 8vo,  3  00 

Smith's  Press-working  of  Metals 8vo,  3  00 

Spalding's  Hydraulic  Cement i2mo,  2  00 

Spencer's  Handbook  for  Chemists  of  Beet-sugar  Houses i6mo,  morocco*  3  00 

Handbook  for  Cane  Sugar  Manufacturers i6mo,  morocco,  3  00 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced 8vo,  5  00 

Thurston's  Manual  of  Steam-boilers,  their  Designs,  Construction  and  Opera- 
tion  8vo,  5  00 

*  Walke's  Lectures  on  Explosives. 8vo,  4  00 

Ware's  Beet-sugar  Manufacture  and  Refining. Small  8vo,  4  00 

West's  American  Foundry  Practice. i2mo,  2  50 

Moulder's  Text-book i2mo,  2  SO 

WollTs  Windmill  as  a  Prime  Mover 8vo,  3  .00 

Wood's  Rustless  Coatings:  Corrosion  and  Electrolysis  of  Iron  and  Steel.  .8vo,  4  00 


MATHEMATICS. 

Baker's  BIHptic  Fnnctiona. . .  • 8vo,  z  50 

*  Bass's  Elements  of  Differential  Calculus. Z2mo,  4  00 

Briggs's  Elements  of  Plane  Analytic  Geometry zamo,  z  00 

Compton's  Manual  of  Logarithmic  Computations. z2mo,  z  90 

Davis's  Introduction  to  the  Logic  of  Algebra 8vo,  z  50 

*  Dickson's  College  Algebra. Large  z2mo,  z  50 

*  Introduction  to  the  Theory  of  Algebraic  E<|uations. Large  X2mo,  z  25 

Emch's  Introduction  to  Projective  Geometry  and  its  AppUcatloss 8vo,  a  50 

Halsted's  Elements  of  Geometry. 8vo,  z  75 

Elementary  Synthetic  Geometry 8vo,  z  50 

Rational  Geometry. zamo,  z  75 

*  Johnson's  (J.  B.)  Three-place  Logarithmic  Tables:  Vest-pocket  size. paper,  Z5 

zoo  copies  for  5  00 

*  Mounted  on  heavy  cardboard,  8X 10  inches,  25 

zo  copies  for  2  00 

Johnson's  (W.  W.)  Elementary  Treatise  on  Differential  Calculu.  .Small  8vo,  3  oo 

Johnson's  (W.  W.)  Elementary  Treatise  on  the  Integral  Cakuhis. Small  Svo,  i  5» 
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Johnson's  (W.  W.)  Ciir?«  Tncinc  in  CartttUw  Co-ortinates. lauio,    i  oo 

Johnson's  (W.  W.)  Treotise  on  Ordinary  and  Partial  DillarsBtial  Equationa. 

Small  8to,    3  50 
Johnson's  (W.  W.)  Theory  of  Bftors  and  the  Method  of  Least  Squares.  lamo,    i  50 

•  Johnson's  (W.  W.)  Theoretical  Mechanics, lamo*    3  00 

Laplace's  Philoeopfaical  Essay  on  Probabilities.    (Trnscott  and  Emory.).  lamo,    2  00 
^  Ludlow  and  Baas.    Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables. 8vo.    3  00 

Trigonometry  and  TaMsa  ynhllshed  aepaimtaly Each,    a  00 

*  Ludlow's  Logarithmic  and  Trigonometric  Tabha. 8vo,    x  00 

Mathematical  Monographs.    Edited  by  Mansileld  Merriman  and  Robert 

S.  Woodward Octavo,  each    i  00 

Ko.  I.  History  of  Modem  Mathematics,  by  David  Eugene  Smith. 
Ho.  a.  Sjmthetic  ProjecliTe  Geometry,  by  George  Bruce  Hakted. 
Ho.  3.  Determinants,  by  Laenas  Gilford  Weld.  Ho.  4.  Hyper- 
bolic Functions,  by  James  McMahon.  Ho.  5.  Harmonic  Func- 
tions, by  William  E.  Byerly.  Ho.  6.  Grassnuum's  Space  Analyds, 
hy  Edward  W.  Hyde.  Ho.  7.  Probability  and  Theory  of  Errors, 
by  Robert  S.  Woodward.  Ho.  8.  Vector  Analysis  and  Quaternions, 
by  Alexander  Macfarhme.  Ho.  9.  Dilferential  Equations,  by 
William  Woolsey  Johnson.  Ho.  10.  The  Solution  of  Equations, 
by]  Mansfield  Merriman.  Ho.  i  x.  Functions  of  a  Complez  Variable, 
by  Thomas  S.  Fiske. 

Maurer's  Technical  Mechanics. 6to,    4  00 

Merriman  and  Woodward's  Higher  Mathematics. 8vo,    s  00 

Merriman's  Method  of  Least  Squares. Svo,    2  00 

Rice  and  Johnson's  Elementary  Treatise  on  the  Differential  Calruhis  .  Sm.  8to,    3  00 

Differential  and  Ltitegral  Calculus.     2  vols,  in  one Small  8vo,    3  50 

Wood's  Elements  of  Co-ordinate  Geometry 8to,    a  00 

Trigonometry:  Analytical,  Plane,  and  Spherical X2mo,    x  00 


MECHAiaCAL  EUGDIEERING. 

MATERIALS  OF  EHGDfEERIHG,  STEAM-EHGIHES  AHD  BOILERS. 

Bacon's  Forge  Practice x2mo,  x  50 

Baldwin's  Steam  Heating  for  Buildings. X2mo,  2  50 

Ban's  Kinematics  of  Machinery 8to,  2  50 

•  Bartletfs  Mechanical  Drawing. Svo,  3  00 

•  "                 "               "        Abridged  Ed. Svo,  x  50 

Beajsxnin's  Wrinkles  and  Recipes. i2mo,  2  00 

Carpenter's  Experimental  Engineering 8to,  6  00 

Heating  and  Ventihiting  Buildings 8vo,  4  00 

Gary's  Smoke  Suppression  in  Plants  using  Bitmninowa  CoaL    (In  Prepoxm- 
tion.) 

Clerk's  Gas  and  Oil  Engine. Small  8to,  4  00 

Coolidge's  Manual  of  Dimwing. 8vo,  paper,  x  00 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  En- 

gineeis Oblong  4to,  a  50 

Cromwell's  Treatise  on  Toothed  Gearing xamo,  x  50 

Treatiae  on  Belts  and  Pulleys. xsmo,  x  50 

Durley's  Kinematics  of  Machinea 8vo,  4  00 

Flather's  Dynaxnomoters  and  the  Measurement  of  Power. xamo,  3  00 

Rope  Driving. i2mo,  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers. x2mo,  x  35 

Hall's  Car  Lubrication. xamo,  x  00 

Hariag's  Ready  Refexence  TUta  <Coiif«nion  Factors). i^mo,  morocco,  2  50 
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Hotton's  The  Gas  Engine Bvo, 

Jamieon't  Mechanical  Dfawinc 8to, 

Jones's  Machine  Design: 

Part  L    Kinematics  of  Machinery. 8to, 

Part  II.    Form,  Strength,  and  Proportions  of  Parts. 8vo, 

Kent's  Mechanical  Bngineers'  Pocket-book. z6nio,  morocco, 

Kerr's  Power  and  Power  Transmission 8vo, 

Leonard's  Machine  Shop,  Tools,  and  Methods 8vo. 

*  Lorenz's  Modem  Refrigerating  Machinery.  (Pope,  Haven,  and  Dean. ) . .  8vo, 
MacCord's  Kinematics;  or.  Practical  Mechanism. 8yo, 

Mechanical  Drawing. 4to, 

Velocity  Diagrams 870, 

MacFarknd's  Standard  Reduction  Factors  for  Oases. 8to, 

Mahan's  Industrial  Drawing.    (Thompson.) Svo, 

Poole's  Calorific  Power  of  Fuels. 8vo, 

Raid's  Course  in  Mechanical  Drawing. 8to, 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo, 

Richard's  Compressed  Air zamo, 

Robinson's  Principles  of  Mechanism 8vo, 

Scfawamb  and  Merrill's  Elements  of  Mechanism 8vo, 

Smith's  (0.)  Pres»-working  of  Metals 8vo, 

Sknith  (A.  W.)  and  Marx's  Machine  Design. 8to, 

Thurston's  Treatise  on  Friction  and  Lost  Work  in  Machinery  and  Mill 
Work. 8to, 

Animal  as  a  Marhine  and  Prime  Motor,  and  the  Laws  of  Energetics.  z2mo, 

Warren's  Elements  of  Machine  Construction  and  Drawing. 8to, 

Weisbach's  Kinematics  and  the  Power  of  Transmission.  (Herrmann — 
Klein.) 8vo, 

Machinery  of  Transmission  and  Oovemors.    (Herrmann — Klein.).  .8vo, 

Wolff's  Windmill  as  a  Prime  Mover. 8vo, 

Wood's  Turbines.  • 8vo, 


MATERIALS  OP  ENGINEERIirG. 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures. 8vo,  7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering.    6th  Edition. 

Reset 8vo,  7  50 

Church's  Mechanics  of  Engineering. 8vo,  6  00 

*  Oreene's  Structural  Mechanics 8to,  2  50 

Johnson's  Materials  of  Constnwtloa 8to,  6  00 

Keep's  Cast  Iron. 8to,  2  50 

Lanza's  Applied  Mechanics. 8to,  7  50 

Martens's  Handbook  on  Testing  Materials.    (Henning.) 8vo,  750 

Maurer's  Technical  Mechanics. 8vo,  4  00 

Merraman's  Mechanics  of  Materials 8to,  5  00 

Strength  of  Materials i2mo,  z  00 

MetcaVs  SteeL    A  manual  for  Steel-users z2mo,  2  00 

Sabin's  Industrial  and  Artistic  Technok>gy  of  Paints  and  Varnish. 8vo,  3  00 

Smith's  Materials  of  Machines z2mo,  z  00 

Thurston's  Materials  of  Engineering 3  vols.,  8vo,  8  00 

Part  n.    Iron  and  SteeL 8vo,  3  50 

Part  in.    A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents. 8to,  2  50 

Text-book  of  the  Materials  of  Construction. 8vo,  5  00 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Materials  and  an  Appendix  on 

the  Preservation  of  Timber. 8vo,  2  00 

18 


5 

00 

50 

50 

00 

00 

00 

00 

00 

00 

00 

50 

50 

50 

00 

00 

00 

50 

00 

00 

00 

00 

00 

00 

50 

00 

00 

00 

50 

Wood's  (De  V.)  Elements  of  AaalTtical  Merhenlcs. 8vo»  3  00 

Wood's  (M.  P.)  RiisdeaB  Coatiiics:  Corrosion  and  Slectrolftis  of  Ivoii  and 

SteeL Sfo,  4  o» 

STEAH-EHGINES  AHD  BOILERS. 

Berry's  Tempenttire-entropy  Diagnun. bmbo,  x  as 

Camot's  Reflections  on  the  Motive  Power  of  Heat    (Thurston.). laao,  x  5s 

Dawson's  "  Engineerinc "  and  Electric  Traction  Pocket-book. .  . . z6mo,  mor.,  s  m 

Ford's  Boiler  Haldnc  for  Boiler  Makers iSmo,  i  00 

Goss's  Locomotive  Sparks Sro,  a  00 

Hemenway's  Indicator  Practice  and  Steam-engine  Economy lamo,  a  eo 

Button's  Mechanical  Engineering  of  Power  Plants. 8v^  s  m 

Heat  and  Heat-engines. 8vo,  s  oa 

Kent's  Steam  boiler  Economy. 8to,  4  oa 

Kneass's  Practice  and  Theory  of  the  Injector Sro,  x  50 

MacCord's  Sllde-vahres 8vo,  a  oa 

Meyer's  Modem  Locomotive  Construction. 4to,  zo  oa 

Peabody's  Manual  of  the  Steam-engine  Indicator lamo.  i  50 

Tables  of  the  Properties  of  Saturated  Steam  and  Other  Vapors. 8to,  z  00 

Thermodynamics  of  the  Steam-engine  and  Other  Heat-engines. 8vo,  5  00 

Valve-gears  for  Steam-engines. 8vo,  a  50 

Peabody  and  Miller's  Steam-boilers Svo,  4  00 

Pray's  Twenty  Years  with  the  Indicator Large  Svo,  2  so 

Pupin's  Thermodynamics  of  Reversible  Cycles  in  Gases  and  Saturated  Vapors. 

(Osterberg.) zamo,  x  as 

Reagan's  Locomotives:  Simple  Compound,  and  Electric zamo,  a  50 

Rontgen's  Principles  of  Thermodynamics.     (Du  Bois.) 8vo»  5  00 

Sinclair's  Locomotive  Engine  Running  and  Management zaao»  a  00 

Smart's  Handbook  of  Engineering  Laboratory  Practice zamo.  a  5a 

Snow's  Steam-boiler  Practice Svo,  3  00 

Spangler's  Valve-gears. 8vo»  a  50 

Notes  on  Thermodynamics zamo.  z  00 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering 8vo,  3  00 

Thurston's  Handy  Tables 8vo,  z  50 

Manual  of  the  Steam-engine. a  vols.,  Svo,  zo  00 

Part  L    History,  Structure*  and  Theory 8vo,  6  00 

PartIL    Design,  CoBStructioni  and  Operation. 8fO,  6  oa 

Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indicator  and 

the  Prony  Brake 8vo»  s  <m> 

Stationary  Steam-engines. 8vo*  a  50 

Steam-boiler  Explosions  in  Theory  and  in  Practtoe zamo,  x  50 

Manual  of  Steam-boilers,  their  Designs,  Construction,  and  Operation 8«o,  5  eo 

Weisbach's  Heat,  Steam,  and  Steam-engines.    (Du  Bois.). 8vo»  5  00 

Whitham's  Steam-engine  Design 8vo>  s  o* 

Wilson's  Treatise  on  Steam-boilers.     (Flather.) z6mo,  a  so 

Wood's  Thermodynamics,  Heat  Motors,  and  Refrigeratiag  Machinea. .  .8to,  4  oa 


MECHANICS  AND  MACHINERY. 

Barr's  Kinematics  of  Machinery 8vo,  a  90 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo»  7  5» 

Chase's  The  Art  of  Pattern-making. zamo*  a  50 

Church's  Mechanics  of  Engineering 8vo,  6  oe 

Notes  and  Examples  in  Mechanics. 8vd,  a  00 

Compton's  First  Lessons  in  Meta^working. zamo,  i  s» 

Compton  and  De  Groodt's  The  Speed  Lathe zamo.  z  s» 
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GromweU's  Treatise  on  Toothed  OMring xaaio, 

Treatise  on  Belts  and  Pulleys lamo, 

Dana's  Tezt-book  of  Elementary  Mechanics  for  Colleges  and  Schools.  .lamo, 

Dingey's  Machinery  Pattern  Msking lamo. 

Dredge's  Record  of  the  Transportatbn  Exhibits  Building  of  the  World's 

Cohunbian  Exposition  of  1893 4to  half  morocco. 

Dn  Bois's  Elementary  Principles  of  Mechanics: 

VoL     I.     Kinematics. 8tOi 

VoL    n.    Statics 8vo, 

Mechanics  of  Engineering.    VoL   I. Small  4tOi 

VoL  n. SmaU  4to, 

Darky's  Kinematics  of  Machines 8to, 

Fitzgerald's  Boston  Machinist i6mo, 

Fkther's  Dynamometers,  and  the  Measurement  of  Power. xamoi 

Rope  Driving xamoi 

Ooss's  Locomotive  Sparks. Svo, 

*  Greene's  Structural  Mechanics 8to, 

Hall's  Car  Lubrication. lamo, 

Holly's  Art  of  Saw  Filing x8mo, 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

Small  8vo, 

*  Johnson's  (W.  W.)  Theoretical  Mechanics. lamo, 

Johnson's  (L.  J.)  Statics  by  Oraphic  and  Algebraic  Methods. 8to, 

Jones's  Machine  Design: 

Part   I.     Kinematics  of  Machinery 8vo, 

Part  n.    Form,  Strength,  and  Proportions  of  Parts. 8to, 

Kerr's  Power  and  Power  Transmission. 8vo, 

Lanza's  Applied  Mechanics 8vo, 

Leonard's  Machine  Shop,  Tools,  and  Methods 8vo, 

*  Lorenz's  Modem  Refrigerating  Machinery.    (Pope,  Haven,  and  Dean.) . 8to, 
MacCord'e  Kinematics;  or.  Practical  Mechanism. 8vo, 

Velocity  Diagrams 8to, 

Maurer's  Technical  Mechanics 8vo, 

Merriman's  Mechanics  of  Materials 8vo, 

*  Elements  of  Mechanics xamo, 

*  Michie's  Elements  of  Analytical  Mechanics. 8vo 

Reagan's  Locomotives:  Simple,  Compound,  and  Electric lamo, 

Raid's  Course  in  Mechanical  Drawing 8vo, 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo 

Richards's  Compressed  Air xamo, 

Robinson's  Principles  of  Mechanism. 8vo, 

Ryan,  Iforris,  and  Hoxie's  Electrical  Machinery.    VoL  1 8vo, 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo, 

Sinclair's  Locomotive-engine  Running  and  Management xamo, 

Smith's  (O.)  Press-working  of  Metals 8vo, 

Smith's  (A.  W.)  Materials  of  Machines lamo, 

Smith  (A.  W.)  and  Marx's  Machine  Design. 8vo, 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering Svo, 

Thurston's  Treatise  on  Friction  and  Lost  Work  in    Machinery  and    Mill 
Work. 8vo 

Animal  as  a  Machine  and  Prime  Motor,  and  the  Lawc  of  Energetics. 

xamo, 

Warren's  Elements  of  Machine  Construction  and  Drawing 8vo, 

Weisbach's  Kinematics  and  Pow«r  of  Transmission.  (Herrmann — Klein. ) .  8vo, 

Machinery  of  Transmission  and  Governors.     (Herrmann — Klein. ).S 
Wood's  Elements  of  Anailytical  Mechanics. 8vo, 

Principles  of  Elementary  Mechanics. xamo, 

Turbines 8vo, 

The  World's  Columbian  Exposition  of  1893 4tD, 
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METALLURGT. 

Esteston's  MetallurgT  of  Silver »  Oold,  and  Mercury: 

Vol   I.    Sihrer 8vo,  7  SO 

VoL  IL    Gold  and  ICercury 8to,  7  50 

**  Ilea's  Lead-amehinc.    (Postage  9  centa  additional.) lamo,  3  50 

Keep's  Cast  Iron Sro,  2  so 

Kunhardt's  Practice  of  Ore  Dressing  in  Europe 8to,  z  50 

Le  Chatelier's  High-temperature  Measurements.  (Boudouard — ^Burxe88.)iamo.  3  00 

MetcalTs  SteeL    A  Manual  for  Steel-users. i2mo»  a  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.    (Waldo.).. .  .lamo,  2  so 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) «  .8to. 

Smith's  Materials  of  Machines. lamo,  z  00 

Thurston's  Materials  of  Engineering.    In  Three  Parts. 8to,  8  00 

Part  n.     Iron  and  SteeL 8vo,  3  so 

Part  in.    A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloya  and  their 

Constituents Sro,  a  50 

Ulke's  Modem  Electrolytic  Copper  JEteHning. 8to,  3  00 


MDfERALOGT. 

Barringer's  Description  of  Minerals  of  Commercial  Value.   Oblong,  morocco,  a  50 

Boyd's  Resources  of  Southwest  Virginia 8vo,  3  00 

Map  of  Southwest  Virtgnia Pocket-book  form,  a  00 

Brush's  Manual  of  Determinative  Mineralogy.     (Penfleld.) 8vo,  4  00 

Chester's  Catalogue  of  Minerals. * 8vo.  paper,  i  00 

Ck>th,  I  25 

Dictionary  of  the  Names  of  Minerals 8vo,  3  50 

Dana's  System  of  Minerak>gy Large  8vo,  half  leather,  ta  50 

First  Appendix  to  Dana's  New  *'  System  of  Mineralogy." Large  8vo,  x  00 

Text-book  of  Mineralogy Svo,  4  00 

Minerals  and  How  to  Study  Them lamo.  z  50 

Catalogue  of  American  Localities  of  Minerals. Large  8vo,  z  00 

Manual  of  Mineralogy  and  Petrography zamo,  a  00 

Doughis's  Untechnical  Addresses  on  Technical  Subjects. zamo,  z  00 

Eakle's  Mineral  Tables 8vo,  z  as 

Egleston's  Catalogue  of  Minerals  and  Synonyms. 8to.  a  50 

Hussak's  The  Determination  of  Rock-forming  Minerals,  (Smith.). Small 8to,  a  00 

Merrill's  Non-metallic  Minerals:  Their  Occurrence  and  Uses 8vo,  4  00 

*  Penfield's  Notes  on  DeterminatiTe  Mineralogy  and  Record  of  Mineral  Tests. 

8vo.  paper.  50 
Rosenbusch's  Microscopical  Physiography  of  the  Rock-making  Minerala. 

(Iddings.) 8vo,  5  00 

*  Tillman's  Text-book  of  Important  Minerals  and  Rocks. 8to,  a  00 


MIIVIlfG. 

Beard's  Ventilation  of  Mines. • nmo,  9  50 

Boyd's  Resources  of  Southwest  Virginia. 8to,  3  00 

Map  of  Southwest  Virginia. Pocket-book  form,  a  00 

Douglas's  Untechnical  Addresses  on  Technical  Sobjecls. lamo,  z  00 

*  Drinker's  Tunneling,  Explosive  Compoonds,  and  Rock  Drills.  .4to,hf.  omt.,  as  00 

Sissler's  Modem  High  ExpkMlves. 8?9.  4  00 
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Fowler's  Sewage  Works  AnalyBes lama,  2  00 

Goodyear's  Coal-mines  of  the  Western  Coast  of  the  United  States. zamo,  2  50 

Ihlseng's  Manual  of  Hlninc 8yo,  5  00 

**  lles's  Lead-amelting.    (Postage  gc.  additionaL) lamo,  2  50 

Kunbardt's  Piactice  of  Ore  Drewim  in  Europe 8to,  z  5a 

O'Driscoll's  Notes  on  the  freatmant  of  Gold  Ores. 8vo,  2  00 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) Svo. 

*  Walke's  Lectures  on  Explosives. 8to,  4  00 

Wilson's  Cyanide  Processes zamo,  z  50 

Cblorination  Process zamo«  z  50 

Hydraulic  and  Placer  Mining zamot  2  00 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation. lamo, '  z  as. 


SANITARY  SCIEirCB. 

Bashore's  Sanitation  of  a  Country  House zamo,  z  00 

Folwell*8  Sewerage.    (Designing,  Construction,  and  Maintenance.). Svo,  3  oa 

Water-supply  Engineering 8to,  4  00 

Fuertes's  Water  and  Public  Health. zamo*  z  50 

Water-filtration  Works zamo,  a  50 

Gerhard's  Guide  to  Sanitary  House-inspection z6mo,  z  00 

Goodrich's  Economic  Disposal  of  Town's  Refuse Demy  Svo,  3  50 

Hazen's  Filtration  of  Public  Water-supplies. Svo,  3  00 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control Svo,  7  5a 

Mason's  Water-supply.  (Considered  principiUly  from  a  Sanitary  Standpoint)  Svo,  4  00 

Examination  of  Water.     (Cheznical  and  Bacteriological.) zamo,  z  as 

Ogden's  Sewer  Design. zamo,  a  00 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary.  Water  Azialysis. zamo,  z  as 

*  Price's  Handbook  on  Sanitation zamo,  z  ^a 

Richards's  Cost  of  Food.     A  Study  in  bietaries zamo,  z  00 

Cost  of  Living  as  Modified  by  Sanitary  Science zamo,  z  00 

Richards  and  WoodmanVi  Air.  Water,  and  Pood  from  a  Sanitary  Stand- 
point   Svo,  a  oa 

*  Richards  and  Williams's  The  Dietary  Computer. Svo,  z  50 

Rideal's  Sewage  and  Bacterial  Purification  of  Sewage .8vo,  3  50 

Turneaure  and  Russell's  Public  Water-suppUes Svo,  s  00 

Von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.) zamo,  z  00 

Whipple's  Microscopy  of  Drinking-water Svo,  3  50 

Winton's  Microscopy  of  Vegetable  Foods Svo,  7  5a 

WoodhuU'i  Notes  on  Military  Hygiene. i6mo,  z  50 


MISCELLANEOirS. 

De  Fursac's  Manual  of  Psychiatry.    (Rosanoff  and  Collins.). . .  .Large  zamo,  2  50 
Emmons's  Geological  Guide-book  of  the  Rocky  Mountain  Excursion  of  the 

International  Congress  of  Geologists. Large  Svo,  z  50 

Ferrel's  Popular  Treatise  on  the  Winds Svo.  4  00 

Haines's  American  Railway  Management * zamo,  2  50 

Mott's  Fallacy  of  the  Present  Theory  of  Sound z6mo,  z  00 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute,  z8a4-z8g4.. Small  Svo,  3  00 

Rostoski's.Serum Diagnosis.     (Bolduan.) zamo,  zoo 

Rotherham's  Emphasized  New  Testament Large  Svo,  a  00 
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Steel's  TreatiM  on  the  Diseuet  of  fh*  Dof. 8to.  3  50 

The  World's  Columbimn  Expoeltlon  of  1893 4to,  i  00 

Yon  Behriii<*8  SttpprsMion  of  TubercuJods.    (BoUnan.) xamo,  zoo 

Winslow's  Elements  of  Applied  Microeoopy imio,  z  so 

Woreetter  And  Atkinson.    Small  Hospitals,  BitaMkhmant  and  Maintenance; 

Sncssstions  for  Hospital  ArchitaetorsiPlanaforflaiall Hospital,  zamo,  z  as 


HEBREW  AHD  CHALDEE  TEXT-BOOKS. 

Ofsen's  Elementary  Hebrew  Grammar. zamo,  z  as. 

Hebrew  Chrestomathy. 8to,  a  00 

Oeaenins's  Hebrew  and  Chaldee  Lozioon  to  the  Old  Testament  Scriptnras. 

(Tregellea.) Small  4to»  half  morooeo.  s  00 

LatteiiB'sHabrewBibla. Sto,  a  as 
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DAY  USE 


on  ibe  date  to  ^hich  rcorwcci, 
R6oew«(l  bcjofc*  •'c  subject  to  *fiime«!itic  cecilL 
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